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ABSTRACT 
rhe present research investigation was under taken to study the 
traditional harvest and post harvest practices of chicory, a rabi crop, grown in 
village Bishanpur situated in Iglash Block of District Aligarh. Though largely 
cultivated in Jamnagar, Mehsana and Kaira (Anand ) Districts of Gujarat, this 
crop has gained popularity in Etah and Aligarh Districts of Western U.P during 
last five years due to high profitability. Roots of chicory, after primary 
processing at producer's cooperative level are purchased by M/s Nestle India 
Pvt. Ltd. for further industrial processing and use as coffee ingredient or as 
coffee substitute. 
Being a new crop taken up in north India, detailed information's are 
required to develop improved post harvest practices as the crop leads to 20-
30% post harvest losses in its subsequent processing which are both 
quantitative as well as qualitative. On the request of farmer's associations, the 
present investigations were carried out (a) to study the various harvest and 
post harvest operations of chicoiy viz. han'esting, material handling, washing, 
cubing/slicing, dehydration/drying, roasting and packaging to identified the 
need of technological interventions (b) to evaluate the performance of locally 
made chicory primary' processing plant (c) to suggest improved 
dehydration/drying system and (d) to explore the fresh extract use. 
It was observed that washing and slicing operations of the processing 
plant were not satisfactory, drying was not uniform and roasting results in poor 
quality product leading to 30-40% losses to the producers. Thus technological 
interventions at various levels were felt to be urgently required for improving 
the productivity of this otherwise highly profitable crop giving net returns of 
Rs 35,000 /ha even without post har\'est operations. 
During the course of study on traditional harvest and post harvest 
operations, it was observed that present methods of washing and sun drying of 
sliced roots of chicory are unhygienic, time consuming and quite often the 
roasted products arc rejected by secondary processors on the basis of poor 
quaUty of dried and roasted chicory'. A study was, therefore, conducted to 
introduce solar and tray drying methods by comparing them with sun dicing, 
and to determine the dehydration characteristics and quahties of slices. Result 
of the study revealed that sun diying over white polyethylene woven sheet as 
practiced by processors took 3-4 days, whereas solar and tray drying took only 
one day to obtain the same moisture reduction of sliced roots from initial 
moisture content of 78% to 11 ± 1%. However, use of black polyethylene sheet 
for sun and solar drying reduced the time to just half over the traditional 
method. 
With regards to quality of dried slices, which latter affects the quality of 
roasted products, investigations were carried out to assess reducing sugars, 
total sugars as invert sugar, sucrose, total sugars and browning index. It was 
observed that solar dried chicory slices had better quality having minimum 
amounts of reducing sugars, total sugars as invert sugar, sucrose, total sugars 
and browning index which were estimated is 2.425, 8.008, 5.303, 7.728 and 
0.018 percent respectively. The corresponding values in case of sliced 
produced by traditional drying method are 4.806, 12.577, 7.382, 12.188 and 
0.120 respectively. To explore the possible use of fresh chicory extract 
prepared without drying and roasting process and to be used as a beverage, a 
study was also under taken to examine the chemical and physical changes, 
which occur in chicory extract due to enzymatic and non-enzymatic action. The 
study revealed that the enzymatic action in fresh chicory extract takes place 
immediately after extraction. The blanching time for chicory extract at 100°, 
85 and 75 C were 100 second, 2.5 minutes and 17 minutes respectively. 

CHAPTER 1 
INTRODUCTION 
Chicory is one of the most widely used substitutes for coffee. Basically, 
it is the root of Chichorimu intybus L. var. sativum D.C. which is used in 
powder form for blending with the coffee. This plant is descended from the 
wild chicory (wild succory, blue sailors), which is often seen with its blue 
flowers along roadsides. It is related to the endive {Chicoriiim intybus L. var. 
foliosum Hegi), a plant that has thick leaves that are used for salads. 
Botanically, chicory' is a herbaceous, perennial plant from the order Asterales 
(in the division of flowering plants Magnoliophyta), which consists of one 
family, the Compositae, and is in the sub-family Cichoraceae. In this sub-
family, chicory belongs to the genus Cichoriuni. 
In classical antiquity, the leaves and roots of chicory had been often used 
as vegetables and salads, and were said to be stomachic (Baumann, 1982; 
Franke, 1981). Originally, the wild chicory plants were used, but since 
approximately 300 BC chicor)' has been cultivated (Springer, 1940). Several 
authors in ancient times had mentioned the chicory plant and its uses: e.g. 
Aristophanes (450-380 BC), Theopherastus (372-287 BC) and Dioscorides 
(about AD 65) who discussed its healing power. Infusion of chicory was also 
reported to be good for the li\ er, kidneys and stomach. (Beitter and Schrodcre, 
1970; Spinger, 1940). The ancient Germans made magic potions of the chicory 
plant, the Arabs knew it as a remedy and food stuff as was the case with 
liuropians during the middle ages. It was also reported by Jacob Mcyland in 
about 1600 that it strengthened the eyes (Springer, 1940). 
It is not known when chicoiy was roasted for the first time. A coffee-
like beverage made from chicory was known in the year 1592 (Beitter and 
Schroder, 1970) and it was assumed that such beverages, soups and sauces 
made of chicory were used in Italy (Linder, 1955) and Belgium (Trillich, 1934) 
before that time. In 1690, the beverages were mentioned in Holland, as being 
then also used as a substitute for coffee (Springer, 1940). The use of coffee 
spread over Europe in the 17* century. In 1722, the preparation of chicory 
beverages was mentioned in a war diary (Hegi, 1906-1931) and a court 
gardener, J.D. Timme (1698-1722) propagated it in a book published in 
Leipzig in 1756 (Springer, 1940). In 1761, chicory was proposed as a coffee 
substitute in Sweden also (Trillich, 1934). 
Since 1763, large plantations of chicory had been established in France 
and in Prussia (Germany). The first factory in Germany was established in 
about 1760 followed by another in 1769. In 1771, the chicory beverage was 
introduced in Paris and the first French chicory industry was established in 
1779. Encouraged by a favorable expert opinion (Trillich, 1934), from the 
medical faculty in Berlin in 1770, 19 small chicory factories came into 
existence in Germany between 1790 and 1797. 
During the Continental System (1806-1813), almost no coffee could be 
imported to continental Europe, and therefore the cultivation of chicory and the 
use of the roasted root as a coffee substitute spread over the whole continent. In 
the 19" century the main centers of cultivation were northeast France, 
Belgium, England, Prussia, Brunswick, Holland and Austria. Subsequently 
chicory was raised on a large scale in Poland, Hungary, southwest Germany, 
Switzerland and India. In 1985, the world-wide consumption of dried chicoiy 
roots was estimated to be approximately 128,000 tonnes of which 
approximately 57% was consumed in Western Europe, 20% in Eastern Europe, 
12% in South Africa, 9% in India and 2% in the United States. 
In India, the chicory' occupies about 3400 ha area producing about 
1,02,000 tonnes of chicor>' roots per year. It is widely grown in Gujarat but 
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extensively consumed in southern states. In Gujarat it's cultivation is largely 
centered in districts of Jainnagar, Kheda and Mehsana which contribute about 
40 % share in cofiee manufacturing. Of recent, the cultivation of chicory has 
picked up in districts of Etah and Aligarh in U.P. In the-district of Aligarh, 
about 350 ha is presently under chicory cultivation in Iglash Block, situated 
about 30 kms from district head quaters. The productivity of chicory in this 
region ranges between 300 to 325 q/ha. The average sale price of root is Rsl50 
/q and the produce is purchased locally by M/s Nestle India Pvt. Ltd. as per 
contract. The cost of cultivation works out to be Rs 12,000 /ha with a net return 
and profit of Rs 47,000 /ha and Rs35,00O /ha respectively. In Aligarh district 
alone, the production can be increased upto five times to fulfill the 
requirements of M/s Nestle India Pvt. Ltd. Company. 
After harvesting, the leaves of chicory plants are fed to cattle hence dairy 
farmers are inclined to cultivate this crop. Besides, the net profitability of crop 
cultivation, as reported above, works out to be Rs 35,000 /ha. Because of these 
reasons, it's cultivation is expanding in Gujarat as well as in western parts of 
U.P. state. 
Chicory is a rabi crop. Its sowing commences from second week of 
October and continues till the end of November resulting in large yield 
variations. Due to its very small sized seeds, farmers generally prefer 
broadcasting method of sowing. Hand weeding increases the cost of cultivation 
as mechanized intercultural is not possible under broadcasting method. The 
seed cost is also very high as they are imported by coffee manufacturers M/s 
Nestle India Pvt. Ltd. and supplied to chicory growers under contract farming. 
In absence of any standard cultivation package, farmers apply very high doses 
of nitrogen, phosphorous and potash which also elevates the cost of production. 
Since the crop possesses comparatively longer spell for growth and 
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development, tlie water requirement is also high. Large variations also exist in 
the quantity and frequency of irrigation for this crop due to inappropriate water 
management practices. 
Harvesting is done from April to June in the same-way as with sugar 
beet roots. 1 lowever, as the chicor>' roots are smaller as well as longer both, the 
percentage of soiled roots are much higher than that of sugar beet roots. 
I he post-har\est practices of chicory consist of operations like 
transportation, cleaning/washing, slicing/dicing, drying, roasting, powdering 
etc. The roots are transported by farmers to chicory processing plants where 
they are cleaned mechanically and stored in the factory yard. Separated soil 
may be taken back to farmers field by farmers. The percentage of soil ranges 
between 5-6 % of the total weight of the roots. The cutting of washed roots in 
size of small cubes is known as dicing which is normally performed with the 
help of dicing machines. The diced product, containing more than 70% 
moisture content is then dried upto 10-15% moisture content with the help of 
drum drier or gas fired kiln drier or by sun drying. The product is further dried 
upto a moisture content of 9-13 % before its storage and use over the next two 
vears. 
1 he storage of chicory roots is accompanied by losses of inulin 
content. Post-harvest losses in chicory roots increase with rising temperature, 
falling air humidity and with higher degree of soil sticking to the roots. As 
roots are exposed to the influence of microorganisms during storage, the inulin 
serve as food stuff and enzymes degrade the inulin bio-chemically. Breaking or 
damaging of roots during harvest, cleaning/washing and transport result in 
higher respiration activity and more intensive microbial deterioration. 
Minimum losses and minimum alteration of contents occur under hiuh air 
luiiiiidily and low storage temperature. On the other hand maximum losses are 
reported under low air humidity and high storage temperatures. 
1 he dried slices are then roasted. The ducts present in the leaves, 
branches and stems of the plant allow the inulin (carbohydrate) and intybin 
(glucosiate) formed by the action of chlorophyll in the leaves, in the presence 
of air and light, to accumulate in the roots. These two components arc 
subsequently converted into fructose during their ascent to the aerial part of the 
plant to nourish the seed-bearing stem. However, it is interesting to note that a 
transformation similar to that, which occurs in the natural cycle of the plant, 
takes place during the roasting of chicoiy cossettes. hitybin is disaggregated 
into various gases-hydroxymethylfurfurl, diacetyl, acetyl etc. and under the 
inlluence of Maillard reactions produce the flavour characteristics of fructose 
specific to this product, fhe sap of the plant is caramelized but not burnt. Being 
a root, the roasting of chicory cossettes is normally carried out in an optimum 
manner by braising. Roasted chicory pieces are further processed by grinding. 
The production of liquid chicor}' extract is also carried out by extraction 
and concentration of the chicor}' in pure water. The beverage is then filtered 
and pasteurized. Now a day's interest has been generated in preparation of 
chicory syrups and confectioner}'. 
Changes during the drying process of chicory roots have not yet been 
fully investigated. Because of the thermolabilc character of inulin, it may be 
assumed that during drying at elevated temperatures, a partial hydrolysis of the 
inulin, as well as a steady increase in the total reducing sugar content takes 
place. According to trade standards, the color of the dried chicory roots should 
be light cream to light brown. Bright colors indicate mild drying conditions 
together with a good quality of the raw fresh roots. A popular trend in the 
coffee industry is to obtain dried chicor}' roots having a high inulin but low 
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reducing sugar content (mainly free monosaccharides). Until recently, 
technologists have preferred-dried roots with their carbohydrate composition 
changed as little as possible by storage and drying. This opinion is indicated by 
a preference for light colored dried roots. A low reducing sugar content will 
diminish the tendency for non-enzymatic browning during any prolonged 
storage of dried roots. Non-enzymatic browning is also stimulated by higher 
water content in dried roots. 
In the months of May and June frequent rains in some part of the country 
stops sun drying and thus fermentation starts in the chicory cubes at the 
processors level and therefore they loose money. Due to poor quality, dried 
cubes are rejected by industry. The association of 150 farmers from 25 villages 
of Aligarh lost about Rs 6 lakhs worth dried products on this account during 
1999-2000 session. 
In the above-enumerated circumstances and in light of farmers growing 
demand for improved post-harvest practices of chicory crop it was considered 
important to conduct a study on dehydration of chicory cubes using other faster 
methods and evaluating the quality of the product in addition to understand the 
post harvest practices of crops. Accordingly, the present study was under taken 
with the following obJecti\ es: 
1. To investigate the present status of production and processing(harvest 
and post harvest practices) of chicory crops in Aligarh district. 
2. To study the performance of local chicory processing (slicing and 
roasting) plant. 
3. To compare drying characteristics and the effects of sun, solar and tray 
drying techniques on quality of chicory sliccs/cossettes. 
4. fo study the enzymatic effect on fresh chicory extract. 

CHAPlER 2 
REVIEW OF LITERATURE 
One of the most critical factors that affect the profitabihty in the 
production and marketing of raw chicory and availability throughout the year 
at a places far away from the site of production, is the time interval after 
harvest or the post-harvest life of the chicory at ambient condition till it reaches 
to the processor and consumers. The post-har\'est life of the chicoiy depends 
upon several factors viz. harvesting, maturity at harvest, condition of 
drying/dehydration, type and size of cubes, method of roasting, conditions of 
packaging and transport, storage etc. Preservation of raw product becomes very 
important in developing countries like India that have insufficient transport 
facilities, lack of good roads, inadequate storage facilities and poor availability 
of suitable package materials. Because of these reasons the products produced 
in country are reported to face losses of 30-40 percent before reaching to 
industry. 
In view of abo\e, an effort has been made in present investigation to 
review available literature on various post-harvest aspects of chicory. 
2.1 World-wide Production of Chicory 
Nakhmedov (1984) listed the major chicory (raw, undried roots) 
producers as France (over 150,000 tonnes annually). West Germany, Belgium 
and Holland (50,000-90,000 tonnes), Polland (75,00-80,000 tonnes) and 
Czechoslovakia (25,000-30,000 tonnes). In the erstwhile U.S.S.R. (Soviet 
Union), where chicory had become \er}- popular raw material for various 
coffee and coffee-like products, chicory growing was increased in early 1980's. 
In 1983, production reached 40,500 tonnes and was expected to double within 
the next tew years. 
In 1985, the world-wide consumption of dried roots (100 tonnes fresh 
roots are equal to 23-34 tonnes dried roots at 12 % mcjisture content) was 
estimated to be 128,000 tonnes. Of the total production approximately 57 % is 
consumed in Western Europe (32 % in France, 9 % in Belgium, 4 % in 
Switzerland, and about 2 % each in Spain, Great Britain and West Germany, 
with lesser amounts in Austria, The Netherlands, Portugal and Italy). Twenty 
percent of the world's consumption takes place in Eastern Europe, especially in 
Poland (6 %), followed by Russia, Hungary, Romania, Czechoslovakia and 
East Germany. Twelve percent is consumed in South Africa, 9 % in India, and 
2 % in United States. 
2.2 Chemistry of Chicory 
I'lcsh or raw chicory roots of the intybus species (and it's cultivated 
varieties) contain a considerable quantity of water ranging from 70 to 80 %. 
Chicory roots, like those of other members of the composite family of plants, 
are distinctive in containing the polysaccharide, inulin, as the main reserve 
carbohydrate which is a pol\ fructan but with small amounts of glucose (6 % in 
chicory inulin) in the polysaccharide chain as a non-reducing end group. Figure 
2.1 illustrates the partial structure of Inulin which is slightly soluble in water, 
but more so in warmer water i.e 0.8 % at 20"C and 3 % at 39"C. 
0— 
Figure 2.1: Ptvtial structure of inulin 
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It is readily hydrolysed under mild conditions into monosaccharides ( eg 
by the use of 3 % IICL aq. at 70"C in 10 minutes). Its average molecular 
weight as a linear polymer (LP) is about 6000. Chicory roots also contain other 
types of saccharides, proteins, fibers and other substances.-Table 2.1 gives the 
content of the basic constituents in broad terms for fresh chicory roots of four 
Polish cultivars. The inulin content here would probably include any free 
fructose/glucose, and the undetermined remainder would include, on average, 
about 3 % organic acid, 1.5 % lipids and 0.65 % (db) phenolics and lactones. 
Table 2.1: 
Comp-
onent 
Water 
Inulin 
Sucrose 
Cellulose 
Protein 
Ash 
Others 
a 1 / > , ^ 
Chemical composition of fresh chicory roots of various cultivars 
Percentage composition in cultivar 
Magdeburg 
%>v/w" 
77.1 
15.3 
2.95 
1.40 
1.62 
0.76 
0.87 
"/odb" 
-
66.8 
12.9 
6.1 
7.0 
3.3 
3.8 
Pont de Pierre 
%w/w 
76.4 
16.1 
2.98 
1.29 
1.51 
0.92 
0.80 
%db 
-
68.2 
12.6 
5.4 
6.4 
3.9 
3.4 
Fredonic 
%w/w 
74.6 
18.1 
2.57 
1.31 
1.39 
0.93 
1.10 
%db 
-
71.2 
10.1 
5.1 
5.5 
3.7 
4.3 
HalHon o 
'Kujawska' 
%w/w 
73.2 
16.8 
2.93 
1.40 
1.53 
1.02 
3.12 
%db 
-
62.7 
10.9 
5.2 
5.7 
3.8 
11.6 
Avg. 
of 
four 
%db 
-
67.2 
11.6 
5.4 
6.2 
3.7 
5.7 
' g 100 g '' dry weight. 
(Source:Clarke and Macrae, 1987) 
2.2.1 Carbohydrates 
The exact composition of chicory in terms of individual identifiable 
carbohydrates can be difficult to assess accurately by simple chemical analysis. 
Furthermore, the inulin is somewhat labile, especially to heat and is partly 
hydrolysed to lower polymers and constituent monosaccharides in the later 
stages of growth and often in storage, so that some variability in composition 
on this account can be experienced. In addition, chicory roots contain 
appreciable amounts of sucrose (6 % db and perhaps more), but also small and 
variable amounts of free fructose and glucose. All these sugars can take part in 
respiration process of moist chicor}'. The quantification of inulin content 
appears to be possible only by indirect methods, i.e. the inulin has to be 
hydrolysed first to its constituents namely fructose and glucose, which are then 
collectively or separately estimated (Clarke et al. 1987), By using HPLC 
methods to determine, first each of the free fructose, free glucose and sucrose 
contents in one determination by extraction with 80% v/v ethanol solution, and, 
secondly, total fructose and glucose after hydrolysis in an aqueous extract. 
Weight el al. (1983) then provided equations to give or deduce the individual 
amounts of each of the saccharides actually present. For two samples of freeze-
dried fresh chicory roots (drying can be assumed not to affect the state of the 
individual saccharides present) they found the following mean average values 
on a dry basis: inulin-50.5 °/o; fructose, 2.22 %: glucose, 0.57 %; sucrose, 5.70 
%; therefore totaling 64 %, though these figures seem some what low. Chaubey 
f/ al. (1977) determined the total reducing sugars content after mild hydrolysis 
ranging between 17.8 to 20.5 % on a wet weight basis and the ratio of total 
fructose to total ulucose to be in the ranue of 3.69 to 5.17. 
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2.2.2 Fibre (cellulose) 
Various analyses quoted the content of 'cellulose', which is in fact a 
carbohydrate, the polysaccharide, p-glucan. Cellulose is fully hydrolysable by 
strong mineral acid (e.g. 72 % aq. sulphuric acid), leaving a lignin residue. It 
constitutes the cell walls of chicory, unlike inulin, which is a storage reserve 
carbohydrate. (Clarke et ai, 1987). Quoted 'cellulose' figures for raw chicory 
roots are of the order of 5 % (db). 
2.2.3 Protein 
The content of nitrogenous compounds, i.e. proteins and free amino 
acids in chicory, is not ver>' high (of order 6-9 % db). Nakhmedov (1984) 
estimated, by liquid chromatography, the percentage content after hydrolysis of 
16 different amino acids in three different cultivars, with total calculated 
protein contents ranging from 5.26 to 9.52 % db, as illustrated in Table 2.2. 
fhe amounts of free amino acids differed widely as reported from 17-39 % of 
the total nitrogen content to as low as 2 %. 
2.2.4 Lipids 
These are present in chicor>' roots in small amounts (0.1-0.2 % db). Kim 
et III., (1978) estimated the crude fat content as 1.6 % in dried chicory roots 
(moisture content about 12 % w/w). They found that the unsaturated fatty acid 
content in total fat was 65.4 °/o and was particularly rich in linoleic acid. Sannai 
et.al (1982) analysed the essential oil of air-dried chicory roots. Fatty acids 
constituted over 97 % of volatile constituents. Among them palmitic acid 
(60.2%) and linoleic acid (31.5 %) were found to be the major components. 
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Tabic 2.2: Percciifaf^e content (after hydrolysis) of various amino acids in 
fresh chicory roots of various cultivars. 
Amino Acids 
Aspartic Acid 
'riireoiiiiie 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleiicine 
Leucine 
Tyrosine 
Phenylalanine 
Histidine 
Lysine 
Arginine 
Total 
Percentage 
Donor* 
1.16 
0.31 
0.43 
1.07 
0.32 
0.28 
0.38 
0.21 
Trace 
0.20 
0.26 
0.14 
0.11 
Trace 
Trace 
0.81 
5.68 
content (db) 
Silesia* 
1.81 
0.50 
0.59 
1.53 
0.83 
0.51 
0.89 
0.41 
Trace 
0.38 
0.48 
0.70 
0.20 
Trace 
Trace 
0.69 
9.52 
in various Cultivar 
Yaroslavskij* 
1.01 
0.32 
0.35 
1.70 
0.28 
0.37 
0.42 
0.22 
ITace 
0.26 
1.59 
0.26 
0.52 
Trace 
Trace 
0.51 
7.81 
*Russion Cultivars 
( Source: Clarke and Macrae. 1987) 
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2.2.5 Mineral Substances 
These are present in chicory roots at levels of 4-6 % (db) as oxide ash. 
The most important mineral components are potassium, sodium, calcium and 
magnesium ( Nakhemedov, 1984 and Kim et al., 1978). 
2.2.6 Organic Acids 
The content of the acids in chicory roots amounts to about 3 % in dried 
material. Schormiiller et al. (1961) reported that the most important organic 
acids in fresh or dried chicory roots are: tartaric acid (32.3 % as a percentage of 
all acids), citric acid (31 %), acetic acid (12.3 %), malic acid (9.5 %) and 
succinic acid (6.0 %). Furthermore, they found the presence of lactic, a-
ketoglutaric, capric, formic, pyruvic, caprylic, propionic, /7-valeric, /^-butyric, 
caproic, oenanthic, malonic and fumaric acids. Nakhmedov (1984) found malic 
acid (1.54-1.95 % in fresh roots) to be the dominant organic acid in chicory 
roots followed by citric acid (0.79-1.1%) and tartaric acid (0.5-0.6%) (db). 
2.2.7 Bitter and other Substances 
Milk sap (latex) of the roots and heads of chicory {Cichoriiiiu intybus L.) 
as well as of members of the Compositae generally (e.g. Lactuca serriola L. 
lettuce) contains lactucin and lactucopicrin, both of which are sesquiterpene 
lactones responsible for the bitterness of their plants (Maier, 1981; Ciupka, 
1958 and Nakhmedov 1984). Pyrek (1977) identified in lettuce a new, third 
lactone, 8-deoxylactucin, which was confirmed by Leclercq (1984). Pyrek 
(1977) also established the site of esterification in lactucopicrin of lactucin 
with p-hydroxy phenylacetic acid .The occurrence of 8-dcoxy lactucin in 
chicory has been confirmed independently by Pyrek (1985). 
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2.3 Harvest and Post-Harvest Technology of Chicory 
2.3.1 Harvesting 
Harvesting of chicory roots, a biennial crop, takes place in the northern 
India in April-July. The lifting is often carried out~manually, although it is 
possible to use a number of types of mechanical equipment well established 
within the sugar beet industr>'. It is essential that the roots be well topped, i.e. 
free from leaves and with 2-3 mm of the actual roots cut off. Loose earth 
should be removed, and the time from the harvesting of the roots until the 
processing at the drying plant should be as short as possible in order to secure 
the highest possible product quality'. 
2.3.2 Cleaning and Handling 
In advanced countries, the roots are cleaned by spraying water, using a 
continuous stone catcher or straw catcher etc. 
2.3.3 Cutting or Dicing 
This operation is required to obtain proper drying of the product which 
to be roasted afterwards. 
2.4 Drying/Dehydration 
Drying is one of the longest established methods of food preservation. It 
is dellned as a process of moisture removal due to simultaneous heat and mass 
transfer. The main purpose of drying of chicory is to ensure keeping quality of 
chicory before industrial roasting and minimize packaging requirements, which 
in turn reduce transportation cost. The quality of the product and it's cost aie 
greatly influenced by the dr}'ing operation. The quality of dried product is 
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judged by the nniouiit of physical and biochemical degradation occurring 
during dehydration process. 1 he drying temperature, time and moisture content 
influence the final product quality. Low temperatures generally have a positive 
influence on the quality but require longer processing times. Low water activity 
retards or eliminates the growth of microorganisms and increases storage 
stability of food products but results in higher oxidation rates (Okos et al, 
1992). 
Sun drying is a slow process and unsuitable for producing high quality 
products. Generally, it does not allow the products to dry below 15-20 % 
moisture level. The resulting product will have limited shelf life (Somogyi and 
Lull, 1975). In recent years, sun drying is being replaced by mechanical drying. 
There are several mechanical methods used for dehydration of food products 
e.g. tray/cabinet drying, tunnel drying, freeze drying, foam mat drying, 
microwave drying etc. (Cruess, 1958; Derosier, 1970; Anon, 1971; Van Arsdel, 
etoL, l993;Salunkle, t^ /^ //., 1996). 
Various types of drier may be used for the drying of chicory roots: viz 
simple drying stoves or drying cabinets, drum driers and belt driers. The type 
of drier determines the temperature ranged used: for drying cabinets 65-75°C 
(Singh ct al., 1970), for drum drier 70-80"C (Singh et a/., 1970), and for belt 
driers 50-70"C or higher (Nakhmedov, 1984). 
2.3.5 Roasting 
The sliced or dried chicory roots are further roasted. If the raw materials 
are very uneven as regards particle size or contain foreign materials, they are 
graded by using a cleaner or after before roasting. Roasting raw chicory slices 
take 1-1.5 hrs with an overall roasting loss of 20.25%. Roasting process gives 
rise to exothermic reaction in chicoiy. 
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2.3.6 Griiiding and Packaging of Roasted Chicory 
Roller mills are used for grinding of roasted chicoiy pieces. It is essential 
that no heat created during the grinding. Packaging is similar to that of other 
ground materials. 
2.3.7 Extraction 
The roasted chicory contains 65-75% (db) of water-soluble material at 
temperatures below 100°C. At higher temperatures, the chicoiy has a tendency 
to soften and decompose and thus affects the flavour of the extract. Batch 
extraction unit or continuous type extractors are used for this purpose. 
2.3.8 Spray-drying and Extract 
The pure chicory extract is spray-dried to transform pure chicory extract 
into an acceptable instantly soluble powder on account of the thermoplastic and 
hygroscopic characteristics of the powder. 
2.3.9 Storage and Packaging of Instant Chicory Powder 
Consumer packaging of the chicory powder is done in air-tight jars or 
plastic containers. 
2.4 Physico-Cheiiiical Changes during Storage 
Losses occurring during longer storage of chicory roots are the results 
of: (i) 'natural' loss, including loss of inlierent water by evaporation, and loss 
of carbohydrates as the effect of respiration and (ii) loss due to decay by 
microorganisms. Labonova and Sinel'shchikova (1982) studied changes in 
respiration intensity in relation to period of storage and environmental 
16 
tcnipcrnture/nidisturc conditions during storage of cliicory roots. They 
established absolute criteria concerning liberation of heat and water and losses 
of dry substance due to respiration. Ivanova and Pokrovskay (1968) compared 
the effect of storage of chicor)' roots in clamps and in a frozen state over a 
period of 5 months. For chicory roots kept in clamps, the 'natural' loss 
(evaporation and respiration) was about 7 %. Investigating the respiration 
process during storage in clamps, at a temperature of 0-2 C over a period of 5 
months, they found that 'healthy' roots lost about 3 % of the dry substance 
(carbohydrates). Losses caused by decay exceeded the 'natural' loss and 
depended upon the quality of the clamps. Chicory roots stored in frozen state 
did not decay, and no 'natural' loss due to respiration was found. Rutherford 
and Weston (1968) also found that storing chicory at ambient temperatures, 
ranging between 15 and 20°C, reduced the rate at which insoluble carbohydrate 
(inulin) was depolymerised. Sinel'shchikova and Nipolayeva (1984) tested ten 
different fungicides and disinfection preparations (including seven home 
products) for their activity against a pure culture of the mold Sclerotinia 
scleiotioiuni which, is mainly responsible for the decay of fresh chicory roots 
stored in clamps. 
2.5 Changes During Roasting 
Roasting of dried pieces of chicory roots is the basic operation in chicory 
that causes the formation of specific color, flavors and aroma substances 
distinctive for this product as a beverage. Proper roasting of chicory results in 
high quality of the roasted products. Ciupka (1958) recommended slow 
roasting of chicory slices upto a maximum temperature of 210"C. Lindner 
(1955) reported the changes occurring during chicory roasting in some 
compounds, e.g. lowering of inulin content and an increase in reducing sugar 
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content, as well as the development of 'caramel compounds', and furfural and 
hydroxymethylfurfural. Bietter and Schroder (1970) as well as Beitter (1957) 
and UUmann's Encyclopaedia (1977) advised maximum (final) temperature of 
chicory roasting in the range, 180-200 C. -
Nedelkovits (1961) reported on the basis of his experimental work, that 
during the roasting of chicory roots at various temperatures increases in 
percentage extract content (soluble substances extractable with boiling water) 
could be observed. Extract content reached a maximum at 155-160 C. With 
"over heating" at temperatures above 160°C, he observed a decrease in extract 
content. Hrdlicka and Janicek (1966) investigated a relatively slow chicory 
roasting process up to 200°C and found an increase in extract content, attaining 
a maximum of 86 % (db) at 160"C. They observed a marked drop in extract 
content above roasting temperature of 190°C, as shown in Table 2.3 
Portillo et al. (1965) investigated the chicory roasting process at various 
temperatures, and indicated a temperature range of 160-180°C and a roasting 
time of 90 minute as 'optimum'. A final temperature of 170°C and a roasting 
time of 105-120 minute were recommended for roasting on a commercial scale. 
Cieslak and Pazola (1981) conducted preliminary investigations on the 
effect of roasting time, applying two variants of time - temperature regime with 
a maximum temperature of 155°C: 
(1) Short-term roasting process (50 minute): loading chicory slices into the 
roaster pre-heated to lOO^C; a temperature of 120°C was achieved after 
15 minute and 155°C after 35 minute. 
(2) Long-term roasting process (100 minute): loading chicory slices into the 
roaster pre-heated to 80°C; a temperature of 100"C only achieved after 25 
minute and 150°C after 50 minute. 
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Tabic 2.3: Effect of temperature and roasting time of chicory on the 
amount, acidity and ash content of the extract. 
Roasting 
temperature 
("C) 
0 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
Time of 
roasting 
(min) 
-
40 
50 
60 
70 
80 
90 
100 
110 
120 
122 
125 
Dry matter 
(%) 
91.40 
92.10 
92.41 
92.45 
93.39 
97.47 
97.57 
97.89 
98.10 
98.25 
98.42 
98.50 
Extract content 
(% db) 
74.62 
76.01 
77.39 
82.45 
83.25 
84.17 
85.49 
86.01 
85.71 
84.42 
83.39 
63.37 
pH value 
5.2 
5.2 
5.1 
4.9 
4.8 
4.6 
4.5 
4.4 
4.2 
3.85 
3.80 
3.80 
Ash in 
extract (%) 
2.22 
2.24 
2.27 
2.40 
2.34 
2.53 
2.56 
2.58 
2.76 
2.97 
3.11 
3.11 
(Source: Clarke and Macrae, 1987) 
^Dry total solids in the roasted chicory. 
Dry soluble solids expressed as a percentage of the roasted chicory weight. 
'^Determined according to Czechoslovak National Standard Methods. 
The short-term process was without doubt more economical and yielded a 
much better quality of roasted produc ower roasting losses occurred, and the 
roasted chicory slices had a more uniform color, higher extract content, more 
suitable pH and better sensory properties of the brew. 
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Nakhinedov and Knyazeva (1980) on the other hand, 
reconunended an even shorter roasting time, 15-18 minute, but at a higher fmal 
temperature in the range 175-200 C. 
It may, in general, be stated that various constituents of chicory viz. the 
carbohydrates, inulin, sucrose and monosaccharides, are subjected, during the 
roasting process, to various partial changes such as 
hydrolysis/dcpolymerisation (inulin), destruction and caramelisation 
(monosaccharides and sucrose) and interactions and condensations with other 
constituents, such as nitrogenous substances (proteins, amino acids) or lipid 
degradation product, to give both, volatile and non volatile products, water-
soluble as well as water-insoluble. All these changes determine the 
development of color, taste and aromatic and other volatile compounds 
specifics to roasted chicory. At the same time they also allow to establish the 
'optimum point' of the process and to obtain desired sensory properties in the 
beverage. 
The main type of changes occurring during the roasting of chicoiy roots 
involve the followinu: 
(a) extract content (extraction yield of soluble solids); 
(b) carbohydrates; 
(c) acidity from organic acid; 
(d) lipids; 
(e) nitrogenous compounds; 
(1) development of flavouring and volatile compounds; 
(g) development of desirable sensory properties (color, flavour and 
aroma). 
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2.6 Liquid and Dried Chicory Extract and Other 
Chicory Products 
The production of liquid chicory extract is carried out by the 
extraction and concentration of the chicory in pure water. The beverage 
is then filtered and pasteurized. The same product, sugared, can be made 
by the addition of 10 % caramel (sucrose). Soluble chicory is the product 
from the liquid extract (100 % pure), atomized into fine droplets at the 
top of a tower, from which they are dried in the course of their descent. 
2.7 Uses for Chicoi7 Products 
Chicory besides being used in coffee is also used in diverse ways: as the 
main component of an aperitif and of a highly appreciated digestive, and in 
barley sugars, caramels, and various cakes. 
Roasted chicory and soluble chicory are widely used in the manufacture 
of coffee-related and coffee-like products, where it is applied as an ingredient 
of blends of different roasted raw materials (coffee-like beverages), of blends 
with real coffee, and of extracts from different coffee-like roasted raw 
materials, sometimes also with the addition of real coffee extracts (soluble 
coffee-like beverages); and as an autonomous product in the form of ground 
roasted chicory roots, or soluble chicory in the form of powder (dried extract or 
paste concentrated). 
The amount of roasted chicory used as an additive to coffee-substitute 
blends is in the range 5-30 %. Chicory is responsible for a specific, bitter-sweet 
and sour fiavour of the finished coffee-like beverages, and also gives a feelings 
of "body" in the brew. 
Chicory is also known and used an additive to real coffee. This was 
particularly evident in the mid-1970's when coffee price increased rapidly. The 
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coffee products (both roasted and ground, and soluble) with the addition of 
chicory appeared in the market in Europe and also in the USA. e.g. "Gill's 
Hotel Special', a roasted coffee blend with roasted chicory (Anon, 1978); 'Park 
Coffee with chicory', a similar blend produced by Jewel Food Stores in the 
USA (Braxmayer, 1977); 'Sun Rise', an instant (or soluble) coffee mellowed 
with soluble chicory, by Nestle (Braxmayer 1977, Anon !977); 'Nescore', an 
instant coffee with soluble chicory produced by Nestle for the British market 
(Winch, 1977). Naklimedov (1984) gives many formulas for coffee- substitute 
mixtures with chicory, and some of them with real coffee. 
Chicory is also used for the manufacture of 100% chicory extracts, either 
in paste from or as powders. Chicory extract may be used a coffee additives, or 
as a coffee-like beverages. Moreover, chicory extract may be used as an 
ingredient for many soluble beverages powders with coffee or coffee 
substitutes. Soluble chicory may also be used as a flavoring ingredient for 
various food products, e.g. dessert mixes, confectionery compositions 
(Lechtzier, 1980) etc. In Japan, chicory extract is also used for tobacco 
flavouring (Sannai, 1982). Due to its high content of fructose and its high 
hygroscopicity, it may here play a role as a tobacco humectant. Finally, it 
should be pointed out that fresh chicory roots may also be treated as a possible 
(potential) fructose crop (Chubey et ai, 1977). 
2.8 Some Medical and Physiological Effects of 
Chicory 
Chicory is one of the mild medicines, the prolong use of which confers 
on the body a very desirable balance, a general well-being. It is a little full 
bodied when consumed alone on an empty stomach, and it is in the evening, 
\V2 hours after a meal at the time of resting, that its best effect are secured: the 
body in response then profits further from the benefits of the plant. 
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Scientific research studies on chicory are numerous. The Congress of the 
White Cross (1980) and the Congress of Paris (1909) defined the product in a 
precise manner from the nutritional point of view. Guillot (Ref Clarke and 
Macrae, 1987) wrote the first monograph m France on chicory, a product 
which, in his preface, Professor Perrot described as 'healthy, endowed with 
genuine nutritional properties and the ingestion of which, even at a high and 
prolonged dose, would not be hannful to consumer'. Menfredi and Bortoluzzi 
(Ref Clarke and Macrae, 1987 ) had stated that the addition of chicory 
tempered the slightly inspired the taste of milk and made it more digestible in 
the stomach by forming a finely divided coagulum rather than large clots which 
are more difficult to digest: the mixture is digested up to four times more 
quickly than milk alone. Studies on cardie fibre and nerve cells conclude that 
chicory has a moderating action on the stimulatory effects of coffee. The 
chicory coffee, write Schmiedeberg, 'lends itself to daily usage because it is 
inoffensive. Its properties of stimulating the stimulating the appetite, aiding the 
digestion, opposing sluggishness and acidity of stomach can be of great use'. 
A synthesis of various studies on chicory brings out the range of its 
benefits. It stimulates the glands and the function of the body apertures. In 
digestion and elimination of food, it acts upon salivation and swallowing, and 
on absorption and assimilation in the stomach, and stimulates the digestive 
function of the pancreas, the liver and the gall bladder. It is a regulator of the 
gastro-intestinal system without ever beings drastic in its effects. It acts on the 
glands of the intestine, stimulating its peristaltic movements. It detoxicates, and 
stimulates lactation. It diminishes the rate of glycosuria; diabetics and those 
who should follow a dietary regime without sugar use it without inconvenience 
(Ref Clarke and Macrae, 1987). 
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CHAPTER 3 
MATERIALS AND METHODS 
An in-depth study was conducted by observing tlie various post harvest 
operations of chicory as presently performed by farmers in Aligarh region to 
identify the technology gaps and elevate the performance of locally develop 
primary processing plant. Experiments were conducted to study the effect of 
various drying methods viz. sun, solar and tray drying for chicory roots. 
Investigations were also carried out to assess the quality of dried products by 
estimating reducing sugars, total sugars as reducing sugars, sucrose and total 
sugars and browning index. Further experiments were also conducted for 
development of chicory extract and to assess the enzymatic action on it. Details 
of materials and methodologies used for these studies are described below: 
3.1 Materials 
Several materials viz. chicory roots, chemicals (copper sulphate, 
potassium iodate, potassium iodide, anhydrous sodium carbonate, Rochelle 
salts, sodium bicarbonate, potassium oxalate, thiosulphate, sulphuric acid, 
paraffin oil, starch etc.) were used. The fresh chicory roots were procured for 
the present study from Iglash block of District Aligarh where this crop is 
presently grown in area of about 350 ha. 
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3.2 Experimental Plan 
3.2.1 Study of Traditional Harvest and Post-harvest 
Operations of Chicory Practiced in Aligarh Region 
An observation Table (Table 3.1) was prepared to collect the required 
informations by conducting survey and questioning the farmers and primary 
processes. 
Table 3.1: liiforinatioiis on hanest and post-harvest operations of chicory 
crop. 
A Production Aspects 
1. Crop variety 
2. Area under cultivation 
3. Sowing time, month 
4. Time of harvesting, month 
5. Method of harvesting 
6. Moisture content of crop at the time of harvest 
7. Average yield, q/ha 
H Post Harvest Operations 
1. Post harvest operations performed in sequence 
2. Method of handling from farmers field to processing plant 
3. Moisture content of root when received at processing plant 
4. Method of measuring quality of root received for processing 
5. Method of cleaning of roots 
6. Method of material handling of cleaned roots 
7. Method of slicing/dicing 
8. Size of cubes/dices 
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9. Method of drying of cubes/dices 
10. Drying time/period 
1 1. Moisture content of diced slices 
12. Method of roasting 
13. Roasting time and temperature 
14. Method of quality evaluation of roasted products 
15. Post harvest losses, % 
16. Method of packaging of roasted chicory slices 
17. Organization purchasing roasted chicory 
C Cost of cultivation and primar>' processing 
1. Cost of cultivation, Rs /ha 
2. Profit, Rs/ha 
3. Cost of primary processing, Rs/q 
4. Profit, Rs/q or Rs/ ha due to primary processing 
D Technological interventions required 
3.2.2 Performance Evaluation of Primary Processing 
Plant of Chicory at Farm Level 
A scientific study was conducted to evaluate the performance of primary 
processing plant at farm level based on observation Table 3.2. The study was 
divided into four parts depending on the primary processing operations viz. (i) 
reception and washing, (ii) slicing/dicing, (iii) drying and (iv) roasting. Study 
was conducted to find out the drawbacks/short comings, the capacity of various 
26 
equipment of plant, and to suggest the improved methods and techniques for 
increasing the capacity and efficiency, improving the quahty, saving time of 
processing and reducing the cost of operation and also to find out any suitable 
drying technique to presence the product during the adverse ambient conditions 
i.e. during frequent rains which adversely affect the quality of roasted products. 
Table 3.2 Parameters considered for performance evaluation of primary 
processing plant 
S. No. Parameters 
1. Plant details 
2. Equipment used in the plant 
3. Capacity of each equipment, Kg/hr 
4. Power requirement, hp or KWH 
5. Specifications of equipment/plant 
6. Cost, Rs (estimated) 
3.2.3 Drying/Dehydration of Chicory Slices 
Experiments were conducted to study the effect of various drying 
techniques viz. sun, solar and mechanical drying at various levels of 
dehydration temperature. The effect of dehydration techniques and temperature 
on quality of chicory was also studied. Detailed methodology is described 
below: 
The fresh chicory roots were procured from village Bishanpur situated 
Iglash, block 30km away from Aligarh where this crops is presently grown in 
an area of about 350ha land. Good quality chicory roots of uniform shape and 
size, free from blemishes were sorted out and thoroughly washed under 
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running tap water to remove adhering soil particles. The leaves from the roots 
were removed manually. The moisture content of fresh chicory roots was 
determined by using a standard hot air oven (Figure 3.1). 
The slices/cubes of 10 mm x 10 mm x 10 mm were cut manually. Sliced 
samples were also collected from the slices of the primary processing plant for 
comparative studies. After determining their initial moisture content, the slices 
were dried upto moisture content 10-11 % using traditional method i.e. sun 
drying on white polyethylene woven sheet (Figure 3.2) in the month of May-
June when ambient temperature and RH varied between 38°-44° C and 50-70% 
respectively. The slices prepared in laboratory and the processing plant were 
sun dried on (i) black polyethylene sheet, (ii) in polysolar dryers (made up of 
UV-tllm using a black sheet at the bottom surface of it) and (iii) in electricity 
operated tray dryer (laboratory model) to study the rate of drying. The 
polysolar dryers (2 in number) were installed at different places i.e one at 
farmer's field nearby cliicor)' processing plant and other over a cemented floor 
in the campus of Faculty of Agricultural Sciences, Department of Post Harvest 
Engineering and lechnology, AMU, Aligarh. After drying upto moisture 
content of 10-11%, the quality attributes in terms of the reducing sugars, total 
sugars as invert sugar, sucrose and total sugars percentage were determined by 
Shaffer Somogyl Micro Method. 
3.2.4 Effect of Heat Treatment on Chicory Extract 
Freshly sliced chicor>' root was subjected to extraction in laboratory 
juicer. The extract was collected in sterilized test tubes and subjected to 
treatment by placing in a boiling water bath at dilTerent temperatures for 
varying time intervals. The control tubes were kept at the ambient conditions 
(at room temperature 39°-41°C, RH 40-50% and temperature 30"-32'^C, RH 50-
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70%). Physical changes in the extract as detected in Table 3.3 were observed 
after 12 hours. A tube with chicory extract layered with paraffin oil to check 
any oxidation of the extract. 
Table 3.3 Observations with respect to physical changes in chicory extract 
S. No. Chicory Extract Treatment 
1 No heat treatment 
2 IminatlOO^C 
3 2minatl00°C 
4 3minatlOO°C 
5 lminat85°C 
6 2min at 85^C 
7 3min at 85 C 
8 4 min at 85°C 
9 3 min at 70°C 
10 10minat70"C 
11 12minat70°C 
12 15minat70°C 
13 16minat70°C 
14 17minat70"C 
15 18minat70°C 
16 19minat70"C 
17 Extract layered with paraffin 
oil kept at ambient conditions 
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3.3 Experimental Set-Up 
A number of experimental set ups were required to conduct the present 
study. The equipment and instruments namely tray and solar drier, food 
processor, hand peeler, spectrophotometers, dry and wet bulb thermometer, 
triples beam balance, chemical balance, heat sealing machine etc. were used. 
The entire experimental studies were carried out in the laboratories of the 
Department of Post Harvest Engineering and Technology, Aligarh Muslim 
University, Aligarh. Some important equipment are shown in Figure 3.1-3.6. 
The salient features of important equipment are described below: 
3.3.1 Tray Dryer 
Tray dryer (Figure 3.3) manufacture by M/s Khera Instruments Pvt., 
New Delhi, was used for dehydration study. The equipment consists of an 
insulated cabinet in which 12 trays (85 cm x 40 cm each) are placed one above 
the other with some gap in between them. The trays are made of mild steel and 
the tray dryer needs two electric heaters to generate heat. 1 leated air is 
recirculated inside the cabinet with the help of circulating fan. A thermostat is 
provided to control and maintain the desired temperature. A digital type 
thermometer (range: 0-300"C) is also provided with diyer to measure the air 
temperature inside the drying chamber. Air movement over the product surface 
is at relatively high velocities to achieve efficient heat and mass transfer. 
Fxpcrimcnts were carried out at the temperatures of 50", 60", 70° and 
80 C with a tray load of 2.97 kg/sqm. Tray dryer was switched on and desired 
temperature achieved by regulating it's knob. Initially, dryer was run ideally 
for about 20 minutes to stabilize the temperature. When temperature got 
stabilize, the sample was spread uniformly over the drying trays and placed in 
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the drying chamber. At predetermined time interval (60 minutes), samples were 
quickly taken out of the trays, weighed and placed again into the di7er for 
further drying. A triple beam balaiHe was used for weighing of samples. 
Drying process was carried out till predetermined weight of the samples 
(corresponding to desire final moisture content) was achieved. 
I'he corresponding moisture content of the sample was computed 
through mass balance. At the end of each experiment, sample was taken out 
and packed in packaging material and stored at room temperature for further 
studies. 
3.3.2 Polysolar Dryer 
The poly solar dr}'ers were locally developed. The frame of drier was 
made of bamboo while the drying surface was made of black polyethylene 
film. The transparent cover made of 800 gauge, ultraviolet (UV) stabilized 
plastic sheet. The frame was so adjusted that the top cover was inclined at 27° 
angle. For air circulation, inlet and exhaust holes were provided in the 
transparent sheet. A chimney made of plastic pipe of diameter 3.0 cm, was also 
provided to remove heated air. The bottom of the cover was tied to the frame 
by wire ring. Ihc position of drier was kept facing south. The area of the 
drying surface was about 1.4 m x 1.1 m. The overall dimension of the drier was 
140 cm X 110 cm x 78 cm. For solar drying, two polysolar dryers were 
installed at two different places, one at farmer's field near by chicory 
processing plant (Figure 3.4) and other over a cemented floor in the campus of 
Department of I'ost Harvest Engineering and Technology, AMU, Aligarh 
(Figure 3.5). 
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3.3.3 Digital Spectrophotometer 
A digital spectrophotometer (Figure 3.6), a compact instrument, was 
used for spectrophotometer analysis of solution of any concentration. The 
output was available on the digital display in terms of optical density (% 
absorbence), percentage transmission (%T) and concentration (%C). This is a 
unique system that combines convenience with accuracy and precision in 
analysis. It uses a diffraction grating as the monochromatic aberration and 
produces line spectrum. The grating has a high resolution of 600 lines/mm, 
ensuring thereby a narrow bandwidth. An automatic shutter is provided so that 
the light passes through the test tube containing samples only when the tubes 
are inserted in the housing thereby increasing the life of the photo detector. The 
instrument is operated upto the wavelength of 960 nm with a resolution of 
5nm. It was extremely useful for quantitative analysis of liquids. 
3.4 Sample Preparation 
Chicory roots of uniform shape and size and free from blemishes were 
sorted out and thoroughly washed under running tap water to remove adhering 
soil particles. They were trimmed and sliced manually into cubes of size 
lOmml 
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Figure S.1: Hot air oven usca lor mcusurcintni of Figure 8.8: Tray drier used for dehydration 
moisture content of fresh chicor3' roots. of chicory cube.s. 
Figure 8.1 
Traditional 
sun drying 
at farm leve 
FTflure 8.4: Poly.solar dryer installed a t farmers 
Fiqiirt ' :i.5: Pol v.solar f lrvtT i n s t a l l e d a t D e p t t . o f PHK&'I. 
1' o A g r i c u l t u r a l S c i e n c e s . A IVl IJ. 
^ Figure 3.6: Digital Spectrq)hotometer used for 
measurement of % Transmission. 
3.5 Experimental Procedure 
3.5.1 Determination of Moisture Content 
3.5.1.1 Initial Moisture Content 
Initial moisture content of chicory slices was determined by hot air oven 
drying method as recommended by Ranganna (1994). A brief description of the 
method is presented below. 
A thin layer of finely divided asbestos (gooch grade) was spread over a 
flat bottom metallic dish and dried at 110°C in hot air oven for one hour then 
covered, cooled and weighed. Sample of 20 g slices was taken and its weight 
was recorded as initial weight of sample (Mo). The slices were spread 
uniformly over the asbestos layer in a metallic dish and weight was recorded as 
M|. Weighing was done as quickly as possible to avoid loss of moisture. The 
dish-containing sample was then placed in the hot air oven maintained at 
100± 1 C temperature. 1 he cover of dish was removed before placing the dish. 
After 16-18 hours of drying in oven, the dish was taken out of the oven with 
its lid covered and put into the desiccator containing activated silica gel. When 
dish cooled to the room temperature, which in general took about one hour. It 
was weighed and its weight was recorded as M2. Ihe moisture content tests 
were carried out in triplicate and weighing were done to the nearest ± lmg. 
Moisture content of the sample was calculated using following equation. 
IMC=[(M,-M2)/Mo] xlOO Equations.] 
where, 
IMC = Initial moisture content of sample, %(wb) 
MQ = Initial weight of sample taken, 20g 
Ml = Weight of sample before oven drying plus weight of dish with 
cover, g 
M2 = Weight of the dish with cover containing dried and desiccated 
sample, g 
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3.5.1.2 Moisture Content during drying experiment 
Moisture content of the samples during drying was computed through 
mass balance. I'or this purpose, weight of the samples during drying was 
recorded at predetermined time interval. The following formulae were used to 
calculate the moisture content. 
Weight of bone dry material (Wj) 
= Initial weight of sample x (100- Initial moisture % content) —Equation 3.2 
100 
Moisture content 
= (Weight of sample at any time - Wj ) x 100 
Weight of sample at any time 
Where, 
M.C = Moisture content of any time % (Wj ) 
W^ i = Weight of the bone dry matter of substance, g 
-Equation 3.3 
3.5.2 Drying Rate Analysis 
Drying rate was calculated using following equation 
R = Amount of moisture removed, g 
Time taken (min.) x Total dry weight of sample, g/100 
where. 
-Equation 3.4 
R = Drying rate, g of moisture removed per minute per lOOg of bone 
dry matter. 
3.5.3 Determination of Browning Index 
Browning index (O.D.) of chicory sample was determined by using 
method recommended by Srivastava and Kumar (1994), a brief description is 
given as. 
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A 5 g of sample was soaked in 100 ml of 60 % ethyl alcohol for 12 hr 
and lillcicd through Whatman No.l liltcr paper. Alter filtration the absorbance 
of the filtration was recorded at 440 nm using 60 % alcohol as blank and 
expressed as optical density. -
3.5.4 Estimation of Sugar by Shaffer-Somogyl Micro 
Method 
Reducing sugars in pure solutions or in the plant materials (after suitable 
pretreatmcnt to remove interfering substance) may be estimated by the use of 
copper reagent of the type utilizing iodometric titration of cuprous oxides. A 
set up for analysis of reducing sugars is shown in Figure 3.7. 
3.5.4.1 Reagents Used: -
(i) Copper Sulphate Solution :-
Dissolve 100 g of copper sulphate (CUSO4.5H2O ) in water and 
make upto 1,000 ml. 
(ii) 0. IN Potassium lodate Solution :-
Make up 3.562 g potassium iodate (KIO3) to 1 litre with water. 
(Hi) S/iaf/cr-Sotnoi^y/ Carbonate Reagent :-
Dissolve 25 g each of anhydrous sodium carbonate (Na2C03) and 
Rochelle Salt (Potassium Sodium Titrate KNaC4H406.4Il20) in approximately 
500 ml water in a beaker. Add with stirring 75 ml of copper sulphate solution 
and 20 g sodium bicarbonate. After it dissolved, add 5-g potassium iodide. 
Transfer the solution in 1 litre volumetric flask, add 250 ml of 0.1 NKIO3 
solution. Make upto volume and filter. Store over night before use. 
(iv) Iodide Potassium Oxalate Solution: -
Dissolve 2.5 g potassium iodide (KX) and 2.5 g potassium oxalate 
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(K2C2O.1) in water and dilute to 100 ml prepare fresh weekly. 
(v) 0.005N ThioSulphate Standard Solution:-
Prepare daily from standard stock O.I N solution. 
(vi) 2N Sulphuric A cid Solution 
3.5.4.2 Preparation of Sample 
Weight 2.5-5.0 g of sample, transfer to a 250 ml beaker. Add about 50 
ml water, heat to boil, cool and transfer to a 250 ml volumetric flask. Add lead 
acetate solution, shake and let stand for 10 minutes. Precipitate the excess of 
lead using necessary amount of potassium oxalate solution (22 % in water). 
Make upto volume with water and filter. 
3.5.4.3 Procedure 
(i) Estimation of Reducing Sugars 
Pipette 5 ml solution containing 0.5-2.5 mg dextrose into 25 x 100 mm 
test tube. Add 5 ml of the shaffer-somogyl reagent and mix well. 
Simultaneously prepare the blank using 5 ml of water and 5 ml of shaffer-
somogyl reagent. Place the tubes, capped with funnels in a boiling water bath 
for 15 minute. Remove the tubes carefully with out disturbing and cool in 
running water for 4 minutes. Removed the funnel and add down the side of 
each tube, 2 ml of iodide-oxalate solution than 3 ml of 2NH2SO4. Do not 
agitate the solutions. Mix thoroughly to ensure that all cuprous oxide in 
dissolved and let these stand in cool water bath for 5 minute mixing twice 
during that time. Titrate with 0.005 N thiosulphate solution using starch as 
indictor. Substance the titrate value of test solution from that of blank and 
determine the amount of dextrose in 5 ml of solution from the Appendix Table 
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A-^. Make control determinations with known amounts of dextrose and apply 
concentrations lor any deviations liom tabulated equivalents. 
(ii) Estimation of Total Sugars 
To 25 ml of the filtrate in a 50 ml volumetric flask, add 5.0 ml of HCL 
(1 + 1). Allow to stand for 24 hrs. at room temperature. Neutralize exactly with 
sodium hydroxide and make up to volume with water. Take an aliquot and 
determine the total invert sugars as in reducing sugars. 
(Hi) Calculations 
Reducing sugars % 
= mg. of Dextrose x Volume made up to x 100 —Equation 3.5 
5 X wt. of sample taken x 1000 
%Total sugars as invert sugar 
= mg. of Dextrose x Volume made up x 10 —Equation 3.6 
litre X wt. Volume of sample xlOO 
%Sucrose 
= (%Total invert sugars-% Reducing Sugar originally present) x 0.95 --Equation 3.7 
%'I otal sugar 
^ % Reducing sugars t "o Sucrose —Equation 3.8 
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3.7: iiet up for chemical analysis of dehydrated chicory shce 

CHAPTER 4 
RESULTS AND DISCUSSIONS 
The present investigation was undertaken to study the traditional post 
harvest practices of chicory in village Bishanpur of Aligarh district and to 
examine the performance of primary processing plant at farmer's level. 
Experiments were also conducted to reduce the cost and the time of processing 
and improve the quality of raw chicor)' under sun, solar and tray drying 
conditions. In addition studies were also carried out to evaluate the quality of 
dried products by estimating reducing sugars, total sugar as invert sugar, 
sucrose, total sugar contents and browning index. Studies were also carried out 
to standardize the blanching time of chicory extract and study its properties to 
explore the other uses of chicory. Results of all these studies are presented and 
discussed below: 
4.1 Harvest and Post Hai*vest Practices of Chicory 
Visual observations were taken to record the various post-harvest 
operations presently carried out by the group of farmer's. The chicory crop 
(Figure 4.1) of 200-210 days are harvested (digging/uprooted) manually 
(Figure 4.2) in the months of April-June. The leaves are then removed 
manually. Ihe average yield of chicory roots is 325 q/ha. The harvested roots 
(Figure 4.3) arc transported by bullock carts and tractor trolleys to the chicory 
processing plant located at village Bishanpur (Iglash block). These roots are 
weighed on a platform balance (Figure 4.4) to record the quantity of roots 
received, unloaded near washing tank (Figure 4.5) and temporarily stored for 1 
to 2 days in open area before its washing (Figure 4.6). The washed chicory 
roots from washing tank are ele\ated to a wooden platform with the help of 
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belt conveyor (Figure 4.7) and collected this platform (Figure 4.8). These roots 
are then manually dropped in a hopper of dicing plant (Figure 4.9) which is 
electrically operated. The cubes are collected in jute bags (Figure 4.10) and 
transported to the drying yard situated about 500 m away. The cubes are then 
sun dried over a white polyethylene woven sheet (Figure 4.11). These cubes 
were turned periodically up and down during the drying process. On an 
average three-four days are required to dry the cubes from 78±1 % moisture 
content to about 14±1% (db) moisture content. The color of roots changed 
from dusty yellow to light brown. The dried products are then again filled in 
gunny bags, which are transported to adjoining roasting plant [Figure 4.12 (a) 
and (b)| where the cubes are further roasted and cleaned. The roasting product 
is then analyzed by experts from M/s Nestle India Pvt. Ltd. for evaluation of 
quality and the farmer cooperatives is paid for the product. The roasted product 
is taken by M/s Nestle India Pvt. Ltd. and further processed in their own plants. 
Thus in general the following post-harvest operations are done for the 
processing of chicor)- roots at primary processing level before its industrial 
processing at factor) level by M/s Nestle India Pvt. Ltd.. 
1. Material handling of the har\ested roots and removing the leaves. 
2. Washing of the roots. 
3. Dicing/cubing or slicing. 
4. Dehydration/dr\ ing ol'cubes/slices. 
5. Material handling of dried slices. 
6. Cleaning of dried slices 
7. Roasting of slices 
8. Storage/bagging for further processing at factory level. 
About 20-40% losses are reported due to faulty or non-uniform of slices, 
which results in poor quality. 
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Ff^ gure 4.1: A field of chicoi^ "^op 5. 
^ % -'^  
'tte 
~ -.-it'. 
•#T"- ^r - ' ''^^'' L ^ 
Figure 4J: Mannnal harvesting (digging) of mature chicory crop. 
Figure 4.8: Harvested chicory roots. 
Figure 4.4: WelghlnQ oT Iraclor trolley with chicory 
roots at processing plant. 
Figure 4.5: Unloading of chicory r, „> j-ocessing plant. 
Figure 4.G: VVasihliig oC chicor3/ roots 
in processing plant. 
Figure 4.7: Lifting of chicory roots by belt 
elevator in processing plant. 
Figure 4.8: Manual collection of the chicory roots at roof 
of processing plant before feeding in the slicer. 
Figure 4.9: Slicer sed for dicing of chicory Figure 4.10: Filling of fresh cubes slices in bag 
roots in processing plant before transporting and drying. 
Figure 4.11: Traditonal sun drying of sl ices on 
wli i te sheet at processing plant. 
figure 4.12: A front view of roaster used at processing pi 
Figure 4.12 (b): Side view of roaster with burning 
4.2 Performance of Chicory Processing Plant 
As described earlier, the chicory root crop of 200-210 days after 
cultivation are harvested (by digging up) and collected in the field. The leaves 
(aerial part) from the root are removed manually. The harvested roots are 
transported by bullock carts and tractor trolleys to chicoiy processing plant 
located at village Bishanpur (Iglash). The primary processing of chicory roots 
takes place in four stages. The details of local chicory processing plant are 
given below: 
4.2.1 Weighing and Washing 
1 he weight of carls/trolleys with roots and unloaded carts/trolleys are 
recorded on a weighing machine having capacity of 260 quintals to calculate 
the actual weight of roots as shown earlier in the Figure 4.4. The specifications 
of the weighing machine are given in Table 4.1: 
I'able 4.1 : Flie specifications of the weighing machine 
S.No. 
1. 
2. 
3. 
4. 
Parameter's 
Type 
Capacity 
Estimated Cost 
Labour Requirement 
Specification 
Platform Balance, manually operated 
260 quintals 
Rs2,00,000/-
One 
After weighing, the chicory roots are filled in small quantities into water tank 
shown earlier in Figure 4.5, which is connected with a screw conveyer, which 
revolves the roots in water and bring the roots towards the center of the tank. 
Fhe screw conveyor is operated by an electric motor of 5h.p. Figure 4.6 shows 
the screw conveyor of the plant. The specification of washing equipment are 
given below in Table 4.2: 
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Tabic 4.2: The specification of the washing equipment 
S. No. Paranieter(s) Specification 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Type 
Capacity 
Power Source 
Estimated Cost 
Labour Requirement 
RPM of screw conveyor 
Dimensions of tank 
Local 
20q/h 
Electrical, 5 hp 
Rs 20,000/-
Two 
19 
5m X 1.2 m x 0.80m 
The tank has a continuous supply of water as well as discharge of spent 
water, which can he used for irrigation purpose also. It was observed that in the 
existing plant the washing was not done properly and the process was unable to 
remove all the adhering soil particles as the roots contained a layer of mud. 
During washing the mud was collected in the tank and dissolved in the water. 
Therefore proper washing was not completed in single tank. 
A belt elevator shown earlier in Figure 4.7 is attached to the water tank 
to lift the washed chicor>' at 3m height on the wooden sliding roof for the 
collection of chicory roots as shown earlier in Figure 4.8. The specifications of 
belt elevator are gi\ en in Table 4.3: 
Table 4.3: The specifications of belt elevator 
'S.'NO. Paianieter(s) Specification 
2. 
3. 
4. 
5. 
6. 
lype 
Capacit)' 
Power source 
I'stimatcd sost 
No. of steps 
RPM of elevator 
Locally made, 
lOq/hr 
Electric motor, 5hp 
Rs45,000/-
7 
6 
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4.2.2 Slicing/Cubing 
rhe opposite side of the sliding rooftop has the provisions of openings. 
The chicory roots are manually drooped into the trough of the sheer (Figure 
4.9) according to the requirement. Three slicers were used for cutting the roots 
into 10 mm cubes having 5 h.p motor on each sheer. It was observed that the 
slicers did not make the cubes of standard size. The cubes were over sized or 
under sized. The over sized cubes create difficulties regarding moisture 
exudation and therefore took longer duration to reach desirable moisture 
content during drying. The undersized cubes affected the quality on the later 
stages as tlic cubes were over roasting resulting in it's burning. It was estimated 
that only 25 % of cubes were of standard size. The blades of sheer were 
frequently broken if the hardest part of the root were not properly trimmed. The 
specifications of the sheer are given in Table 4.4: 
Table 4.4: The specification of the slicer 
S. No. Paranieter(s) Specification 
Locally made, batch type 
25q/hr 
Electrical motor, 5hp 
Rs.2,00,000/-
3 
5hp 
1. 
2. 
3. 
4. 
5. 
6. 
iype 
Capacity/hr 
Flower source 
Estimated cost 
No. of slicers 
Power required 
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The slices/cubes obtained from the outlet of the sheer, containing 78% 
(db) moisture were filled in jute bags as shown earlier in Figure 4.10 and 
loaded in the tractor trolley and transported to the drying yard situated at about 
500 m away. The chicory slices were placed in bags for'about half to one hour 
and then transported to the drying yard. A white polyethylene woven sheet 
placed on the dried field to avoid the contact of soil/dust with chicory slices. A 
single layer of chicory slices were placed on this white sheet. After every 6-8 
hours the cube layer were agitated by the labour manually. The sun drying on 
white sheet was completed on an average in three days depending upon 
ambient conditions, i.e. temperature and relative humidity. The dried chicory 
slices had an average moisture content of 10-11 % (db) and were light 
brownish in color as shown in Figure 4.11. The dried chicory slices were then 
packed in jute bags of 50 kg each stored in godown for further processing. 
4.2.3 Roasting 
The dried chicory received in bags were supplied batch wise to the 
roasting plant shown in Figure 4.12. For this operation three roasters were used 
continuously for 24 hours. A batch of 6 bags (300kg) dried chicory was fed to 
the cylindrical chamber of roaster and rotated continuously. A revolving 
cylindrical chamber was heated by using fire wood as a fuel for one hour. Then 
the chicory was quickly discharged on the ground surface to the ground surface 
to cool down to the room temperatures. After roasted about 210 kg roasted 
chicory from 300 kg dried chicory was obtained. The roasted chicory was 
sieved by double sieves to obtain the uniform standard size roasted cubes. The 
specifications of roaster are given in Table 4.5: 
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Tabic 4.5: The specification of roaster 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Parameter (s) 
Type 
Capacity 
Power source 
Estimated cost 
No. of roasters 
No. of electric motor on a roaster 
Labour required 
Fuel consumption 
Input (dried chicory feed) 
Output (roasted chicory obtained) 
Specification 
Locally made, batch 
3q/h 
Electrical, 5hp 
Rs 1,50,000/-
3 
1 
6 
50kg/h 
300kg/h 
210kg/h 
type 
4.3 Studies on Sun, Solar and Tray Drying of 
Chicory Slices 
As reported earlier, studies were conducted to improve the traditional 
drying method and to examine the effect of various drying methods viz. sun, 
solar and tray drjing on dehydration characteristics of chicory. Studies were 
also carried out to evaluate the quality of dried chicory slices in terms of 
reducing sugars, total sugars as invert sugar, sucrose, total sugars and browning 
index. Results of these studies are discussed below. 
Preliminary studies indicated that the initial moisture content of fresh 
chicory was in the range of 78±0.4%. This value of moisture content was 
converted into dry basis and found to be 354.5 percentage. The experimental 
drying data are reported in appendices A-1 to A-g. 
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4.3.1 Total drying Time 
lable 4.6 shows the total drying time required to achieve desired final 
moisture content (11±1%) at various temperatures. 
Table 4.B: Total dehydration time for chicory slices 
Drying Methods Dehydration time (min) 
Tray drying at 50''C 720 
60"C 600 
70°C 480 
80"C 420 
Traditional sun drying on white 1860-5040 (30-80 hours) 
polyethylene woven sheet 
Improved sun drying on black 540-1680 (9-28 hours) 
polyethylene sheet 
Solar drying using polysolar dr>'er 540-1680 (9-28 hours) 
It was noted that total dr>'ing time decreased to 41.66 % with increase in 
temperature from 50 to 70 C in tray drier. The traditional sun drying on white 
polyethylene woven sheet took 1860 to 5040 minutes (31-80 hours) depend 
upon ambient conditions to reach the final moisture content where as an 
improved sun drying on black polyethylene sheet and the solar dryers took 540 
to 1680 minutes (9 to 28 hours) depending upon weather conditions. Among all 
the tested procedures of dr>'ing, the traditional sun diying took maximum time 
followed by other methods of drying to obtained the final moisture content. 
Solar and tray drying methods had the advantage of checking dirt and dust 
contamination. 
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4.3.2 Percent Moisture Loss 
\\\Q percent moisture loss during the first 5 hours of drying at various 
temperature and in different dr}'ing methods is reported in Table 4.7, which 
clearly state that moisture loss increased substantially with increase in 
temperature. 
Table 4.7: Percent moisture loss during first five hours of dehydration of 
chicory slices 
Drying Method ^Moisture loss in First 5 hour 
Tray drying at 50T 74 l5 
60"C 80.22 
70"C 85.31 
80'-C 91.80 
Traditional sun drying on white 85.31 
polyethylene woven sheet 
improved sun dr\ing on black 80.58 
polyethylene sheet 
Solar drying using poly solar dryer 61.29 
Hence it may be noted that a slow and regular drying provides a product 
with a stronger structure that is easier to process at a latter stage. 
4.3.3 Drying 
4.3.3.1 Sun Drying 
The chicory cubes/slices (10mm x 10mm x 10mm) were sun dried by 
traditional method on white polyethylene woven sheet as per practice by the 
farmers at their processing plant. Secondly, the samples were dried on black 
polyethylene sheet. 1 he cubes on black polyethylene sheet required only about 
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30% drying time as compared to cubes^dTTCtf^ tyiT'wliite polyethylene woven 
siieet in traditional method. In the month of May-June when the temperature 
varied from 38^-4iV and relative humidity between 40^70 %, the sun drying 
on traditional white sheet took 3-4 days whereas on black sheet it was 
completed in one and half days when all the samples were dried upto final 
moisture content of 11±1 % (db). It was also observed that when ambient 
temperature increased from 41° to 44°C, the sun drying on traditional white 
polyethylene woven sheet, took two days where as drying over black 
polyethylene sheet took only one day (9 hrs.) to achieved the final moisture 
content of 1 1±1 % (db). This is obvious as the black color absorbs all the 
wavelength of light, which increases the surface temperature, whereas the 
i 
while color rellects almost all the wavelength of the light. Because of this 
simple phenomena the drying on black polyethylene sheet took less time than 
that of traditional drying method on white sheet. 
The relationship between moisture content and dehydration time is 
shown in Figure 4.13. It is explicit that the moisture content decreased very 
rapidly during the initial stages of drying as compared to that of later part. This 
was due to the fact that during the initial stage of drying, there was fast 
removal of surface moisture from the product. This hypothesis has been 
supported by earlier researcher also (Ahmed 1997). In case of traditional sun 
drying, at the end of one day the moisture content was reduced to 77 % (db) 
and remained constant for overnight (14 hours). Next day samples were again 
dried to the final moisture content of 11±1% (db). In case of improved sun 
drying, using black polyethylene sheet, the moisture content in the cubes 
became constant with in a day after achieving the final moisture content of 
11±1 % (db). Figure 4.14 illustrates the relationship between drying rate and 
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average moisture content for chicory cubes/slices. It was observed that slices 
did not have any constant rate period in case of both sun-drying methods, 
hiitially the drying rate increased since the cubes had-high moisture content 
and low ambient temperature in the morning hours at 9AM. After drying for 1-
2 hours, the drying rate started decreasing continuously and the remaining 
drying took place in falling rate period. However in case of traditional sun 
drying on white polyethylene woven sheet final moisture content could not be 
achieved in one day and drying stopped during night hours and again on next 
day it followed the same trend. Therefore the drying rate for traditional method 
before the desired final moisture content 11±1 % (db) followed zigzag path at 
later part of drying. It was observed that the drying was not completed in 
continuous falling rate period in the final stage, which was the main cause for 
the change in quality of traditional sun dried chicory slices. During this period 
enzymes were active and the sugar content increased. 
The effect of drying methods on drying rate of chicory cubes is shown in 
Figure 4.15. 
4.3.3.2 Solar Drying 
It was noted that temperature inside the solar dryer was 16-20°C higher 
than the ambient temperature. The temperature of solar dryer over cemented 
Hour was found to be 2-3'^ C higher than that of the solar dryer installed at the 
farmer's field. The rays reaching inside the solar dryer were filtered by UV 
film. The black polyethylene sheet placed on the bottom of the dryer absorbed 
these filtered radiations and increased the surface temperature and therefore the 
56 
temperature of the solar dr>er was further increased. Tlie rate of drying was 
also affected by the cross ventilation. It was seen that diying process increased 
the ambient air velocity. In case of solar drying of chicory slices the final 
moisture content [11±1 % (db)] was achieved within one day (9 hrs) as shown 
in Figure 4.16. The moisture content decreased marginal faster than in case of 
the sun drying over black polyethylene sheet since the temperature inside the 
solar dryer was 16°-20°C higher than that obtained in the sun drying method 
but the aeration was slower as compared to improved sun drying method. 
However, temperature was dominant over the aeration and therefore somehow 
the moisture content decreased faster in case of solar drying as compared to 
improved sun drying. Figure 4.17 illustrates the relationship between drying 
rate and average moisture content for cubes. It was observed tiiat in this case 
the cubes had both constant as well as falling rate periods. The effect of drying 
methods on drying rate of chicory cubes is shown in Figure 4.18. 
4.3.3.3 Tray Drying 
In tray dryer the cubes were dried at 50^C, 60^C, lO^C and 80°C drying 
temperature. 1 he time taken for dr>'ing up to final moisture content of 11 + 1 % 
(db) in tray dryer at these drying temperatures were 12, 10, 8 and 7 hours 
respectively. The dried cubes using tray dr>'ing method are shown in Figure 
4.28. The relationship between moisture content and dehydration time in this 
case is shown in Figure 4.19 while Figure 4.20 illustrates the relationship 
between dryiiig rate and average moisture content for chicory slices. It was 
observed that slices did not have any constant rate period and entire drying 
took place in falling rate (first and second) period only. The effect of tray 
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drying tcinpcratiiies viz. 50"C, 60"C, 70'^ C and 80"C on drying rate ol" chicory 
slices is shown in Figure 4.21. 
The relationship between dehydration time and moisture content for all 
tested methods of drying viz. sun, solar and tray drying is shown in Figure 4.22 
for comparative study. Among them traditional sun drying on white sheet took 
maximum time for the dehydration of chicory slices up to final moisture 
content of 11 ±1 % (db). Figure 4.22 (a) is the enlarged view of initial stages of 
drying stages of Figure 4.22. The effects of various drying methods on drying 
rate of chicory slices is shown in Figure 4.23. Except tray drying methods all 
other drying methods initially increase the diying rate for first two hours and 
then remaining drying is completed in falling rate. Effects of various drying 
methods on diying rate with average dehydration rate of chicoiy slices is 
shown in Figure 4.24. Figure 4.24(a) is the enlarged view of initial stages of 
Figure 4.24. 
Traditional sun dr}'ing on white polyethylene woven sheet at the 
processing plant gave fermented (poor quality) chicory slices also as shown in 
Figure 4.26. The Figures 4.27 and 4.28 compared the dried slices obtained by 
by sun, solar and tray (50 C, 60 C, 70 C and 80 C )drying method as produced 
in the laboratory . Figure 4.29 shows the comparison of slices obtained from 
the processing plant. The comparison between solar dried slices of processing 
plant and the slices prepared in the laborator>' is shown in Figure 4.30. The 
roasted slices ready for packaging before purchase by M/s Nestle India Pvt. 
Ltd. are shown in Figure 4.31. 
Investigation showed that the quality of the chicory cubes dried under 
the solar dr\'er was the best amongst all the method adopted for drying. The 
solar dried cubes had the minimum amount of reducing sugars, total sugars as 
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invert sugar, sucrose, total sugars and browning index wiiich were estimated as 
2.425, 8.008, 5.303, 7.728 and 0.018 respectively shown in Figure 4.25. 
Investigations also showed that the chicory cubes in-<ray dryer should be 
preferably dried at 60"-70^C for better quality products. In the month of May-
June, dusty storms came and there were rains also (4 times during months May 
and June) which affected the quality and fermented the dried products, 
histalling solar dryers at the farmer's field investing small amount of money 
could solve all these problems. The quality of dried chicory cubes dried over 
black sheet was also found to be better. 
The cubes prepared in the laboratory had better quality than the cubes 
collected from the processing plant. It was due to poor hygienic conditions of 
processing plant. The chicory roots in the processing plant were not properly 
washed as described earlier which affected the quality of the product. This was 
mainly due to adhering soil particles attached to the chicory root as well as 
reuse of same water. In case the drying time was more than a day enzymes 
were more active in partially dried samples, which increased the sugar content 
and deteriorated the quality. When dr)'ing was completed witiiin a day there 
was no chance of activation of enzyme during drying therefore quality of such 
chicory products was found to be better. 
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Figure 4.26: Poor quality (fermented) dried slices 
obtained by traditional sun drying. 
Figure 4.27: Comparision of traditionally dried, improved dried 
and solar dried slices prepared in the laboratory. 
Figure 4.28 : Tray dried slices at 50,60,70 and 80 C 
temperature prepared in laboratory. 
Figure 4.29 iComparision of traditionally sun dried, improvea sun 
dried and solar dried obtained at processing plant 
Figure 4.30: Comperative view of solar dried slices of processing 
plant and laboratory prepared slices. 
Figure 4 . 3 1 : Roasted slices ready for packaging before 
purchase by M/s Nestle India P)^ Ltd. 
> . . . 4.4 Heat treatment on Fresh\Cliicory Extract 
.^  v:$^ 
Ihe present study was undertaken to examine~"fKe"^emical and physical 
changes, which occur in chicory extract as a function of time and temperature. It 
was observed that the color of chicory extract changed from light cream to dark 
brown within 3-4 seconds after extraction. It was probably due to enzymatic as 
well as non-enzymatic reactions. The chicory extract placed at ambient conditions 
in the kiboratory at 39^-41°C and relative humidity 40-50% in the month of May-
June changed to a thick solid paste with a gap appearing in the middle of the tube 
which increased with time as shown in Figure 4.31. The paste diversified rotten 
smell after 12 hours. This could be due to action of inulase enzyme converting the 
carbohydrate inuJin into reducing sugars and other fermented products. During 
this process the alcohol was produced which evaporated at ambient conditions. 
The extract which was taken into sterilized tubes and were immediately 
placed in boiling water bath IOO°C for 1,2 and 3 minutes were visually observed 
after 12 hours. It was found extract heated for 1 minute converted into thick paste 
and those heated for 2 minute and 3 minute remained in liquid state with a 
precipitate at the bottom of the tube shown in Figure 4.32. This showed that the 
enzymes present in chicor>' extract got inactivated within 2 minute of heat 
treatment and no alcohol was produce. This study also shows that the blanching 
time for the inactivation of enzyme in chicory extract lies between 1 minute and 
2 minutes. In fact, the blanching time was observed to be 100 seconds in this case 
at 100 C while the blanching time for chicory extract heated at temperatures 85° 
and 75 C were 2.5 minutes and 17 minutes, respectively. 
When the test tubes with chicory extract were maintained at 30°C and 
relative humidity around 50-70%%, no change was observed in the physical state 
of the chicory extract shown in Figure 4.33. It remained in liquid form even after 
12 hrs and 24 hrs. However, with time the rotten smell increased and color of 
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extract also changed to a dark brown. When the extract was hiyered with 
immediately parartln oil, no change of color was observed as the parafUn layer 
checked the exposure of the extract to air thus stopping any oxidation process. 
A study was also conducted to evaluate the changes in physical state of 
the extract after giving various heat treatments as described in Table 3.3. Table 
4.8 describes the physical state of extract after such treatments. 
Table 4.8; Ob 
exl 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
(servations with respect to physical changes in Chicory 
ract 
Chicory Extract Treatment 
No heat treatment 
Iminat 100°C 
2niinat 100°C 
3minat 1U0"C 
Imin at 85 C 
2min at 85^ 'C 
2.5min at 85^C 
3min at 85 C 
3 min at 70 C 
10minat70"C 
l2minat70^C 
15minat70"C 
16minat70"C 
17minat70"C 
18minat70°C 
l9minat70*'C 
Extract layered with paraffin 
Physical State 
Solid 
Solid 
Liquid 
Liquid 
Solid 
Solid 
Liquid 
Liquid 
Solid 
Solid 
Solid 
Solid 
Solid 
Liquid 
Liquid 
Liquid 
Liquid 
oil kept at ambient conditions 
In Figure 4.33 (a) it shows that the color of the extract in tubes no. 2 and 8 
changed to dark brown while tube no. 8 had the darker color than tube no 2. 
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There was no change in case of tube nos. 3, 4, 5, 6 and 7. The untreated chicory 
extract with paraflln oil on top also had no change in color as paraffin oil stopped 
any oxidation taking in the extract. Figure 4.33 (b) after 12 hours of observation 
clearly shows the observed color change. The change of color of the of the extract 
was monitor spectrophotomatrically at 440nm after 12 hours at temperature 32 C 
and relative humidity 50-70%. It was impossible to obtain accurate browning 
measures using 440nm absorbency because of the turbidity of the extract, once 
filtered, the sample did not show any significant difference. The brown color in 
compound formed from oxidation was mostly insoluble and eliminated by 
filtration. Accordingly the extract was ccntrifugcd for 15 minutes at 3200 rpm to 
remove any precipitate and turbidity. The percent transmission value of the 
extract at 440nm arc given in Table 4.9. Tube nos.2 and 8 had the lowest percent 
transmission where as untreated tube no. 4 with a layer of paraffin oil had percent 
transmission comparable with treated extract in tube nos. 6 and 7. Thus this study 
investigate that the color of chicor)' extract changes due to oxidation and by the 
effect of enzymatic reactions. 
Table 4.10: Observations of transmission (%T) at 440nm. 
Tube 
no. 
2 
3 
4 
5 
6 
7 
8 
Chicory extract treatment 
Treated extract placed in water bath for 2min at 85"C 
Treated extract placed in water bath for 2min at 85°C 
Rxtract placed with a layer of paraffin oil 
treated extract placed in water bath for 60 sec atlOO"C 
Treated extract placed in water bath for 120 sec atlOO°C 
Treated extract placed in water bath for 180 sec at 100°C 
Untreated extract at controlled conditions 
% 
T. 
1.7 
3.3 
4.0 
3.6 
4.4 
4.4 
1.1 
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Figure 4.32: Changes in fresh extract of chicory after 
12 hours (in respect of Table 4.9). 
Figure 4.33 (a): Changes in treated and untreated chicory 
extract immeadiately after extraction. 
•igure 4.33 (b): Changes in treatea ana untreated cnicory 
extract after 12 hours extraction. 
4.5 Economics of Production and Primary 
Processing of Chicory 
The information's collected from farmers and processor of chicory 
regarding the economics of production and processing are presented below: 
4.5.1 Economics of Production 
Average productivity 
Cost of cultivation 
Price of fresh roots 
Income to farmer by sale of fresh roots 
Net Profit 
300-325 q/ha 
Rs 12,000/ha 
Rs 150/q 
Rs 47,000 /ha 
Rs 35,000/iia 
4.5.2 Economics of Primary Processing 
Cost of seed {1.75kg/ha) 
Average productivity in terms of dry roots 
Cost of green chicory paid to the farmers 
Transportation charges for fresh chicory farmers 
field to processing plant 
Labour charges for unloading green chicory 
(6Labour) 
Weighing charges 
Washing charges (for lorry) 
Charges for cutting back and trails of green 
chicory 
Slicing and dr\ ing related handling charges 
Material handling charges during sun dr)'ing in 
the field 
Rs 980/ha 
6-8 t/ha 
Rs 1,500/t 
Rs 80 /t 
Rs 36 /t 
Rs 
Rs 
Rs 
Rs 
Rs 
3/t 
48/t 
48/t 
36/t 
24/t 
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• Cliaicgs lor pnckngiiig niul trnnsportating slices 
to roasting plant : Rs 30/t 
• Costoftarpolin(Rs0.25/kg) : Rs 50/t 
• Expenditure on diesel and electricity • Rs 30/t 
• Roasting charges • ^ ^ ^3U/t 
• Miscellaneous expenditure • 
I Total expenditure • Rs2,233/t 
About 230kg dried chicor}' roots slices are obtained per t of green 
chicory and 70% is average yield of rooted product i.e 161kg roasted product /t 
green chicory. Accordingly 
Cost of roasted product 
Cost of packaging of roasted chicory 
Rs 2,233/161 
Rs 13.87/kg 
Rs 13,870/t 
Rs 350/t 
Cost of roasted chicory packed in LDRP lined bags: Rs 14,220 /t 
The above information's clearly established the following: 
(a) Production and processing of chicory is highly profitable 
(b)noth producli(Mi and priniar)' processing operations of ciiicory crops are 
highly intensive, 
(c) About 20-30% post han'est losses are reported in chicory during handling, 
slicing, drying and roasting operations. 
(d)The performance of slicing plant is not satisfactory and the slices obtained 
are of not uniform and standard size, which affects the quality of dried and 
roasted products. 
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(e)'Hicic is n scope of iinprovcniciit in drying process of chicory. The present 
practices is time taking, labour intensive, unliygienic and lot of qualitative 
losses in terms of reducing sugars, reducing sugars as invert sugar, sucrose, 
total sugar and browning index take place during drying. 
(f) The washing of chicory roots is not done properly and the process is unable 
to remove all adhering soil particles. 
(g) The roasting of slices is also not done uniformly due to improper drying, 
poor performance of slicer, variation in time and temperature etc. This lead 
to poor quality of roasted product. 
(h)Frcquent break down of blades of slicer takes place due to non-removal of 
crown and over maturity of roots, 
(i) Proper utilization of by products and residue of chicory crops need to be 
investigated for e.g. the over roasted chicory slices may be processed to 
yield natural dye which may required for natural fibres including hair, jute, 
flax, wood etc. 
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CHAPTERS 
SUMMARY AND CONCLUSIONS 
The present investigation was conducted to (a) study tlie traditional harvest 
and post harvest practices of chicory as practiced at farmer's level, and (b) to 
evaluate the perfoniiance of local chicory processing plant with view to identify 
it's shortcomings. Considering the need of technological interventions in dicing 
and drying operations the chicory cubes/slices were obtained by manual cutting as 
well as slicer, and then dehydrated from an initial moisture content of 78 ± 1 % to 
the final moisture content level of 12 ± 1% by using sun, solar and tray drying 
methods. Investigations were also carried out to asses the quality of dried 
products by estimating reducing sugars, total sugars as invert sugar, sucrose, total 
sugar and browning index. Lastly, to explore the utilization of fresh chicory 
extract, laboratory' studies were also conducted to produced and evaluate its 
quality. 
On the basis of the findings of the present investigations, the following 
conclusions could be drawn: 
1. The chicory roots should be harvested before full maturity (200 ±5 days after 
sowing) and if possible, har\esting should be done mechanically for which a 
harvester needs to be developed. 
2. The over mature roots should not be processed in the slicer to avoid breaking 
of the blades. 
3. The top of the roots i.e. crown should be trimmed along with leaves just after 
harvesting to avoid qualitative losses in chicory as well as breakage of knives 
of slicer. 
4. The roots should not be kept under sun after harvesting and prior to washing 
and cubing to avoid the conversion of inulin into individual sugars 
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i.e. free IViictosc, sucrose etc., which starts al harvesting ami is aggravated 
with slow drying of green roots. 
5. The mould-infected roots should be sorted out before washing. 
6. The roots should be washed properly to remove any-contamination. These 
should be washed separately in two different tanks to avoid use of 
contaminated water. 
7. The locally made sheer needs to be improved to produced cubes of 
standard size i.e. 10mm cubes. 
8. The chicory cubes just after slicing should not be filled in bags otherwise 
the qualities of the chicor}' slices are deteriorated. 
9. Fresh chicory cubes should be dried as soon as possible upto moisture 
content level of 11% to presene them for further use and to stop non-
enzymatic browning which is stimulated by a higher water content dried 
roots. 
10. The roots should be dried on a clean surface viz. on polyethylene sheets to 
prevent soil contaminated and mold growth. 
11. In case sun drying is practiced, a black polyethylene sheet, instead of white 
polyethylene woven sheet should be used as thus could save upto 50% 
time. 
12. The chicory cubes dried by solar dr)'er were found to posses better qualities 
viz. minimum amount of reducing sugars, total sugars as invert sugar, 
sucrose, total sugars content and browning index which were estimated as 
2.425, K.OOK, S.3()3, 7.72K and 0.0IK percent respectively. 
13. A mechanical drier of matching quality needs to be develop and used for 
drying at 60 -70 C, so that processing may continue during rainy days 
also. 
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14. The mcclianical drying of chicory cubes al 50 , 60 , 70 and 80 C were 
eoiiipleled in 12, 10, 8 and 7 liours respectively. 
15. A solar dryer made of UV film should be installed if possible on cemented 
Hour to improve the drying process and quality of cubes/slices. 
16. The moisture content decreased more rapidly the initial stages of drying as 
compared to later part of drying. 
17. The total dehydration time decreases to 30% with increase in temperature 
from 50" to 80"C. 
18. The present moisture losses during the first five of drying were about 
74.85, 80.22, 85.31 and 91.80 at 50^ 60", 70" and 80"C drying temperatures 
respectively. 
19. Higher temperature had fastest drying rate at the stages of drying. 
However, as the time progressed, the drying rate decreased more rapidly at 
the higher temperature as compared to those of lower and crosses to each 
other. 
20. It was noted that among all the drying procedures, the traditional sun 
drying on white polyethylene woven sheet took maximum time followed by 
other methods of drying to obtain the final moisture content. 
21. Fermentation in the chicory extract took place due to oxidation and by 
enzymatic effect. 
22. The blanching time for chicory extract heated at 100°, 85*' and 70"C were 
100 sec, 2.5 minutes and 17 minutes, respectively. 
23. The chicory extract can be utilized for product development with out 
drying and roasting process. 
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CHAPTER 6 
RECOMMENDATIONS 
1. EfTects should be made to develop or adopt suitable machines for following 
operations in production and post-production operations of chicory crop. 
a. Palletize for chicory seed, as the seeds are very small and light in weight. 
b. Sowing/planting equipment to avoid broad casting of seed. 
c. Intercultural equipment (hoes). 
d. Harvester, use of tapioca or sugar beet harvester may be possible after some 
modification. 
e. Suitable slicer/drcer to yield uniform size of cubes. 
f. Industrial driers and roasters with higher energy efficiency. 
g. Solar dr>'er of polyhouse type may be very useful for maintaining slow 
drying rate, better quality besides for reducing drying time. For example, a 
polyethylene of 5 m x 6 m x 2.5 m size costing Rs 12,000/ may serve the 
drying requirement of 40 t/season. 
h. Further investigations are required to prepare chicory extract and natural dry 
from chicory wastes/by-products. The spent water obtained from chicory 
washing tank may have better alternative usage, which also need to be 
investigated. 
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APPENDICES 
Table A-1: Experiinciita! data for dehydration of chicory cubes by 
traditional sun drying over white polyethylene woven sheet. 
s. 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Time 
H 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Weight 
of sample 
g 
1000 
884 
781 
686 
605 
521 
462 
418 
396 
389 
389 
389 
389 
389 
389 
389 
389 
389 
389 
389 
M.C. 
%(db) 
354 
302 
255 
212 
175 
137 
110 
90 
80 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
Avg. 
time 
H 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
Avg. 
M.C. 
%(db) 
328.5 
278.5 
233.5 
193.5 
156.0 
123.5 
100.0 
85.5 
78.5 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
Water 
Removed 
g 
116 
1.3 
95 
84 
70 
59 
44 
22 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Drying rate g of water 
removed/h/g of dry matter 
0.527 
0.468 
0.432 
0.382 
0.318 
0.268 
0.200 
O.IOO 
0.030 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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S. Time Wi'ifjlit M.C Avg. Avg. Water Drying liitc 
No li Of %(dh) time M.C. removed, g of water rciiioved/li/g of 
saiii|)lc, li %(db) g dry matter 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
389 
389 
389 
385 
381 
363 
352 
304 
264 
253 
247.5 
246 
77 
77 
77 
75 
73 
65 
60 
38 
20 
15 
12.5 
12 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
77 
77 
76.5 
74.5 
69.0 
62.5 
49.0 
29.0 
17.5 
13.7 
12.2 
0 
0 
4 
4 
15 
11 
48 
40 
11 
5.5 
1.5 
0.000 
0.000 
0.018 
0.018 
0081 
0.050 
0.218 
0.182 
0.050 
0.025 
0.006 
Table A-2: Expcrinieiitai data for dehydration of chicory cubes by 
improved sun drying on black polyethylene sheet. 
s. 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Time 
h 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Weight 
of sample 
g 
1000 
858 
704 
551 
450 
367 
312 
283 
261 
273 
M.C. 
%(db) 
354 
290 
220 
150 
104 
69 
42 
29 
19 
10 
Avg. 
time 
h 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
Avg. 
M.C. 
%(db) 
322.2 
255.0 
185.0 
127.0 
86.5 
55.5 
35.5 
24 
14.5 
Water 
removed 
g 
142 
154 
153 
101 
83 
55 
29 
22 
18 
Drying rate 
g of water removed/h/g of 
dry matter 
0.645 
0.700 
0.695 
0.459 
0.377 
0.250 
0.132 
0.100 
0.082 
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Table A-3: Experimental data for dehydration of chicory slices by solar 
drying 
S. Time Weight M.C. Avg. Avg. Water Drying rate 
No H Of %(db) time M.C, removed g of water removed/h/g of 
sample h %(db) g dry matter 
g 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1000 
825 
649 
506 
407 
334 
287 
262 
250 
236 
354.5 
275.0 
195.0 
130.0 
85.0 
52.0 
30.5 
19.0 
14.0 
9.5 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
314.75 
235.00 
162.50 
107.50 
68.50 
41.25 
24.75 
16.50 
11.75 
175 
176 
143 
99 
73 
47 
25 
20 
6 
0.795 
.800 
.650 
.450 
.332 
.214 
.114 
.090 
.073 
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1 able A-4: Experiiiientul data for dehydration of chicory slices by tray 
drier at 50®C temperature. 
~S] Time Weight M.C. Avg. Avg. Water Drying rate g of water 
No h Of yo(db) time M.C. removed rcmovcd/h/g of dry matter 
sample h %(db) g 
g 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1000 
790 
663 
564 
483 
416 
365 
327 
301 
282 
266 
255 
246 
354 
259 
201 
156 
119 
89 
66 
49 
37 
28 
21 
16 
12 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
306.5 
230.0 
178.0 
137.0 
104.0 
77.5 
57.5 
43.0 
32.5 
24.5 
18.5 
14.0 
210 
127 
99 
81 
67 
51 
38 
26 
19 
16 
11 
9 
0.954 
0.577 
0.450 
0.368 
0.304 
0.231 
0.172 
0.118 
0.086 
0.072 
0.05 
0.04 
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Table A-5: Experiinciital data for dehydration of chicory slices by tray 
drier at 60''C temperature 
S. Time Weight M.C. Avg. Avg. Water Drying rate g of water 
No h Of %(db) time M.C. removed removed/h/g of dry matter 
sample h %(db) g 
g 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1000 
722 
631 
532 
444 
375 
326 
290 
271 
257 
247 
354 
250 
187 
138 
102 
70 
48 
32 
23 
17 
12 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
308.2 
224.5 
162.5 
120.0 
86.0 
59.0 
40.0 
27.5 
20.0 
14.5 
228 
141 
99 
88 
69 
49 
36 
19 
14 
10 
1.036 
.641 
.450 
.400 
0.274 
0.213 
0.144 
0.086 
0.064 
0.045 
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Table A-6: Experimental data for dehydration of chicory slices by tray 
drier at 70 C temperature 
S. Time Weight M.C. Avg. Avg. Water Drying rate 
No h Of %(db) time M.C. removed, g of water removed/h/g of 
sample, h %(db) g dry matter 
g 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
1000 
774 
594 
482 
396 
334 
286 
257 
246 
354.5 
238 
170 
119 
80 
52 
30 
16 
12 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
296.2 
204.0 
144.5 
99.5 
66.0 
41.0 
23.0 
14.0 
256 
150 
113 
86 
61 
49 
29 
11 
1.164 
0.682 
0.509 
0.370 
0.255 
0.165 
0.090 
0.050 
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Table A-7: experimental data for dehydration of chicory slices by tray 
drier at 80"C 
S. Time Weight M.C. Avg. Avg. Water Drying rate 
No h Of %(db) time M.C. removed g of water removed/h/g of 
sample, h %(db) g dry matter 
g 
1 
2 
3 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
1000 
715 
534 
419 
334 
284 
259 
247 
354 
225 
143 
90 
52 
29 
16 
12 
0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
289.7 
184.0 
116.5 
71.0 
40.5 
23.5 
15.2 
285 
181 
115 
85 
50 
25 
12 
1.295 
0.823 
0.523 
.0386 
0.227 
0.114 
0.055 
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Table A-8: Estiniation of sugars and browning index 
Drying methods 
Tray Drying Temp. 
50"C 
60"C 
70°C 
80*^ 0 
Cubes prepared in Lab. 
Solar Drying at roof 
Solar drying at field 
Improved sun drying 
Traditional sun drying 
Processing plant Cubes 
Solar drying at field 
Improved sun drying 
Traditional sun drying 
% Reducing 
Sugars 
3.230 
2.973 
2.900 
2.900 
2.425 
2.700 
2.936 
4.440 
2.828 
3.156 
4.806 
% Total 
sugars as 
invert sugar 
9.375 
8.785 
8.785 
8.512 
8.008 
8.512 
9.072 
11.182 
9.695 
10.034 
12.577 
% 
Sucrose 
5.837 
5.521 
5.590 
5.331 
5.303 
5.521 
5.829 
6.404 
6.523 
6.534 
7.382 
% 
Total 
sugars 
9.067 
8.494 
8.490 
8.231 
7.728 
8.221 
8.765 
11.844 
9.351 
9.690 
12.188 
Browning 
Index 
0.017 
0.018 
0.021 
0.029 
0.018 
0.019 
0.024 
0.046 
0.067 
0.087 
0.120 
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lablc A-9: SIIAFFER-SOMOGYL DEXTROSE-THIOSULPIIATE 
EQUIVALENTS* 
Mg Dextrose = (0.1099) (ml 0.005 N NazSiO.^  x 0.048) 
Ml oF Tenths ml 0.005 N thiosulphate 
0.0005 N _M 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
]vjg § Q mg dextrose in 5ml of solution 
3 0.378 0.389 0.400 0.411 0.422 0.432 0.444 0.455 0.466 0.477 
4 0.488 0.499 0.510 0.521 0.532 0.543 0.554 0.565 0.576 0.587 
5 0.598 0.608 0.619 0.630 0.641 0.652 0.663 0.674 0.685 0.696 
5 0.707 0.718 0.729 0.740 0.751 0.762 0.773 0.784 0.795 0.806 
7 0.817 0.828 0.839 0.850 0.861 0.872 0.883 0.894 0.905 0.916 
8 0.917 0.938 0.949 0.960 0.971 0.982 0.993 1.004 1.015 1.026 
9 1.037 1.048 1.059 1.070 1.081 1.092 1.103 1.114 1.125 1.136 
JO 1.147 1.158 1.169 1.180 1.191 1.202 1.213 1.224 1.235 1.246 
1 1 1.257 1.268 1.279 1.290 1.301 1.312 1.323 1.334 1.345 1.356 
12 1-367 1.378 1.389 1.400 1.411 1.422 1.433 1.444 1.455 1.466 
13 1.477 1.488 1.499 1.510 1.521 1.532 1.543 1.554 1.565 1.576 
14 1.587 1.598 1.609 1.620 1.631 1.642 1.653 1.664 1.675 1.686 
15 1.697 1.707 1.718 1.729 1.740 1.751 1.762 1.773 1.784 1.795 
16 1.806 1.817 1.828 1.839 1.850 1.861 1.872 1.883 1.894 1.905 
17 1.916 1.927 1.938 1,949 1.960 1.971 1.982 1.993 2.004 2.01.5 
18 2.026 2.037 2.048 2.059 2.070 2.081 2.092 2.103 2.114 2.125 
19 2.136 2.147 2.158 2.169 2.180 2.191 2.202 2.213 2.224 2.235 
2 0 2.246 2.257 2.268 2.279 2.290 2.301 2.312 2.323 2334 2.345 
2 1 2.356 2.367 2.378 2.389 2.400 2.411 2.422 2.433 2.444 2.455 
2 2 2.466 2.477 2.488 2.499 2.510 2.521 2.532 2.543 2.554 2.565 
^Official Methods of Analysis (1970) 
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Appendix B 
• VISIT OF FOREIGN EXPERTS TO ENQUIRE CHICORY 
PROCESSING ACTIVITIES TAKEN BY AMU ALIGARH 
A team comprising of experts from Holland and Mysore (India) 
accompanied with officials of M/s Nestle India Pvt. Ltd. visited the 
laboratories of Department of Post Harvest Engineering and Technology, 
Aligarh Muslim University, Aligarh to enquire the details of chicory 
processing activities. Figure 4.34-4.36 show glimpse of their visit. Highly 
satisfied with research activities of the Department of Post Harvest Engineering 
and Technology, the team showed its interest in taking further R & D activities 
in collaboration with members of the Department of Post Harvest Engineering 
and Technology, Aligarh Muslim University, Aligarh. 
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Figure luality of ua^ uried chicory slices being assessed 
by the experts of M/s Nestle India Pvt. Ltd. 
Figure 4.35 :Experts of M/s Nestle India Pvt. Ltd., discussing the quality of chicory 
slices with Prof. P.K. Srivastava, Dean, F/o Agricultural Sciences. 
laming the per formance 
p o i y h o u s e type solar dryer to the visi tors. 
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